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The Oils of the Agrumens. 

The term agrumens, Ital. Agrunv, \s applied to cultivated 
s^ces of the genus citrus, the fruits of which, lemons, 
itter and sweet oranges, limes, gjc., are universally liked. These 
species do best in subtropic cultural zones, less well in , the 
tropics .where the fruits do not fully develop their aroma. They 

® the islands 

of the Mediterranean. Italy is the leading country, the principal 

areas of production being Sicily and the neighboring Calabria. 
Other countries that should be mentioned are Spain, PortuMli 
sou^pi France, the Azores, Morocco, Syria, and Malta. In 
California and Florida, large areas are devoted to the cultivation 
,of l^on and orange trees. The West Indies supply limes. In 
Australia, India, likewise in Japan and China the 
cultivation^ of citrus species is widely distributed. However,' of 
all of these areas, distributed over the several continents, the 
valuable agrumen oils are produced only in isolated districts. 
Thus the expressed oils, viz., lemon, orange and bergamot oils, 
^e produced in Sicily and Calabria; lime oil and orange oil in 
the West Indies. Southern France supplies neroli and petiterain 
oils, Paraguay the latter only. In California a beginning has been 
made to obtain by extraction the oil of the fruits. 

^Whereas the oils from the leaves and flowers of the agrufn#sL 
such as nerrfi oil and petit grain oil, are obtained in the ordiriarvr 
manner by distillation with water vapor, the oil from the fruits is ' 
^o^d by expression of the rinds for the reason that distiUatidn. 
”53,* inferior or even valueless product. The oil is conrv 
r*^*"**’ Special cells in the outer layer of the rindl When 
iti^red these yield their odoriferous product. . 

southern Italy, i.e. m Sicily and the southern point. ^ 
fliree different methods are in vogue fm- the DroduetkMt 

iOKBiatMiRK. The voutiu oil*, in. 
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of lemon, orange and bergamot oils; the spugna process, the 
scorzetta process and that involving the use of the macchina. 
The first two are described under oil of lemon, the third under 
oil of bergamot. 

The ecucllc a piquvr is an instrument formerly used in 
Mice. It consists of a cup provided with trect brass needles* 
and ending at the bottom in a tube. The fruits pricked by the 
needles yield the oil which collects in the tube and which, from 
time to time, is emptied into a larger receptacle. However, no 
rind oil is any longer produced in southern France, but the 
vcuelle method is still used in the West Indies in the production 
of oil of lime. The extraction method practiced in California and 
already alluded to is applied to lemons and oranges. 

At times, the immature fruits, also the expressed ripSs and 
the slimy filter residues are distilled with water. The oil thus 
obtained is invariably of a very inferior quality and is used for 
adulteration of the poorest qualities of expressed oils. 

The expressed agrumen oils are also designated “essences” 
in commerce. 

Production and commerce. Unfortunately, no recent statistics 
arc available as to the enormous production of bergamot, lemon, 
mandarine and orange fruits in southern Italy and the oils obtained 
therefrom. Hence reference must be made to the figures on p. 463 
af-the first edition of this text-book. 

As to the exports of agrumen oils, statistics have been 
reported regularly in the Semi-Annual Reports of Schimmel 8( Co. 
rhesc are from the pen of Mr. Ed. Jacob, Imperial Consul in 
Messina. They supply the amounts and values of oil exports 
for each of the four ports, viz.. Messina, Catania,* Reggio and 
Palermo, also give the names of the countries to which the oils 
lave been exported. In the following tables the more important 
data for the last few 'years are given. 


Total exports 1890 to 1913. 


1913 . . 

731 712 kg. 

valued at 21 686005 lire 

1912 . . 

. 829343 „ 

„ „ 20405277 „ 

1911 . . 

. 767371 •„ 

„ „ *15679825 ., 

1910 . . 

. 629897 ., 

., 11970810 „ 

1909 . . 

. 604299 „ 

„ „ 11676575 „ 
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(908 . . 

. 1059311 kg. valued at 21 138675 lire 

1907 . . 

. 1056899 „ 

„ 24173030 „ 

1906 . 

948328 „ 

„ 18556053 „ 

1905 . . 

868244 „ 

„ 13 709 760 „ 

1904 . 

. 1006103 „ 

„ 147.58590 „ 

mi . 

864770 „ 

„ 11964839 „ 

1902 . 

1085497 

15196958 „ 

1898 . 

667293 „ 

., 9015083 ., 

1894 , . 

666740 „ 

8308148 „ 

1890 

301 879 „ 

.. 5056214 



Total exports 1912 and 1913. 


* 1912 


Messina 

617 693 kg. rallied at 

14824632 lire 

Catania 

. . 90555 . 

2173320 „ 

Reggio . 

65695 „ 

2299325 „ 

Palermo 

, . 55400 . 

1 108000 „ 


Total 829343 kg. valued at 

20405277 lire 


1913 


Me.ssin.r 

.550038 kg. valued at 

16501 140 lire 

Catania 

33993 . 

1019790 „ 

Reggio 

. . 47.305 „ „ „ 

1655675 „ 

Palermo 

. . 100376 . 

2.509400 „ 


Total 731712 kg. valued at 

21 686005 lire 

• 

Exports from the Italian ports to the principal countries 

of consumption in the year 

1913. 


United States of America. 


Mfssina 

. . . 297061 kg. valued at 

8911830 lire 

Catania 

. . . 9853 „ „ 

295590 „ 

Reggio . 

5109 „ „ 

178815 

Palermo 

. . . .33 740 . 

843500 „ 


Total 345763 kg. valued at 

102297.35 lire 


Great Britain. 


Messina 

. . . . 112029 kg. valued at 

3360870 lire 

Catania 

. . . . 4583 . 

137490 „ 

Reggio 

.... 30J . 

10746 „ 

Palermo 

. . . . 33115 

827875 „ 


Total 150034 kg. valued at 

4336980 lire 
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' France. 


Messina . 


40265 kg. valued at 

1207960 lire 

Catania . 


3600 . 

108000 „ 

Reggio . 


24891 „ „ ,. 

871 185 „ 

Palermo . 


7396 . 

184900 „ 


Total 

76132 kg. valued at 2.372033 lire 


Austria-Hungary'). 

• 

Messina . 


44968 kg. valued at 

1 349040 lire 

Catania . 


+«7 „ „ „ 

133110 „ 

Reggio . 


1058 . 

.37030 „ 

Palermo . 


18062 . 

451550. „ 


Total 

68525 kg. valued at 

1970730 lire 


Morth German Ports'). 


Messina . 


10158 kg. valued at 

304740 lire 

Catania . 


3477 „ „ „ 

104.310 „ 

Reggio . 


12283 . 

429905 „ 

Palermo . 


5606 . 

140150 „ 


Total 

31 524 kg. valued at 

979105 lire 


Hence the percentage of the total export received by each 
country for the year 1913 is as follows: — 


United States .... 

p. c. amount 

. . 47,3 

p. c value 

42,0 

Great Britain. 

. . 20,5 

20,0 

France. 

. . 10,4 

10,9 

Austrra-Hungary') . . . 

. . 9,4 

9,1 

North German Ports') 

. . 4,3 

4,3 


From the foregoing figures the following average prices may 
be obtained. In 1913 the average price in Messina and Catania 
was 30 lire per kilo oil exported, in Reggio (mostly bergamot oill)' 
35 lire, in Palermo 25 lire. In 1912 the respective >values were 
for Messina and Catania 25 lire, for Palermo 20 lire and for 
Reggio 35 lire. 

The finished oil, purified by filtration, enters commerce in 
copper flasks (Ger. Ramiereri) of 25 to 50 kg. capacity (fig. 1). 

As compared with the agrumen oil industry of southern Italy, 
which is restricted practically to Sicily and Calabria, the industry 

’) In this connection it should bf noted that .oost of the oil defined 
for Germany is shipped via Trieste, hence appears under Austria-Hunenv 
In the statistics. 







iVucfuations in the 
price of 

bergamot oil 

and 

lemon oil * 

for the years /9(H) to 19/4 
as expressed 
in mar/is par /aloj/rAm. 

ff Bergamot oti 
C Lemon oil. 
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of oils expressed elsewhere, with the exception of the lime oil 
produced in the West Indian island of Montserrat, scarcely comes 
into consideration. However, attempts have been made in North 
America in recent years to produce agrumen oils, particularly 
orange oil, namely in California, Florida and |amaica. What extent 
these seemingly promising enterprises hav^ assumed does not 
become apparent from available statistics. The quality of the 
oil produced corresponded in general to the customary standards. 



Hk. 1. 

At the beginning of 1914 the amount of orange oil exported from 
Jamaica to the United States and Europe was not inconsiderable. 
The south Italian oil being high priced that from the new area 
of production could oompete successfully. 

The Italian production districts become apparent from the 
accompanying map, which was prepared in 1896 by a represen¬ 
tative of the firm of Schimmel S Co. For the present edition 
it has been revised by Consul Ed. Jacob of Messina. 

Bergamots are cultivated pnly in Calabria. The principal 
port of export for this oil is Reggio. Lemons and oranges are 
cultivated on the mainland as well as in Sicily. 







Oil of Lemon. j 

In Calabria lemon oil and bergamot oil are produced in the 
sarne localities. In Sicily the principal centers for the production 
of lemon oil are the provinces Messina, Catania, Siracusa and 
Palermo. The oils of the several districts not infrequently 
reveal fairly important deviations in their optical rotation. The 
• angle of rotation of the Calabrian oils fluctuates between +56" 
and +62'30'. 

In Sicily the principal production centers, when arranged 
according to the optical rotation of the oils, are as follows: 


«„ --- H 56 to + 61 . 

«i, +59 to 4 63 ', 

• 

tf|, j- 61 to ! 64 . 

«i, -■ + <'^1 to + 67 . 


Messina and vicinity, Nizza di Sicilia. 
Acircale, St. Teresa di Riva, Scaletta, 
St. Lucia, Patti, St. Agata, St. Stefano. 
Catania, Giarre, Giardini, Acireale, Lentini, 
Vittoria, Comiso, Chiaramonte, Biscari. 
Barcellona, Siracusa, Avola, Noto, Pachino. 


Those localities in Palermo, colored yellow on the accom¬ 
panying map, produce fruits but no oil, for the production of 
which the fruits arc shipped to Palermo, to the vicinity of which 
the manufacture of the oil is restricted. The angle of rotation 
of the oils here produced varies between i 56 and f 61'; angles 
of rotation trom t 61 to |-63' arc seldom observed. 


417, Oil of Lemon. 

Oleum CItri. - Citroneniil, Essenoe de Citron. 

Origin. On account of its fruits, the lemon tree, Citrus 
medica, L., subspec. Liwonum (Risso), Hook. f. (C. IJmonuin, 
Risso; C. medica X L.), is cultivated principally in the countries 
bordering *00 Mediterranean Italy, Spain, Portugal, southern 
France, also in California and Florida. Up to the present time, 
the production of the oil, however, is carried on almost ex¬ 
clusively in Italy. Even here, aside fr6m a small section of 
Calabria, it is restricted to Sicily. In this island, the tree thrives 
best on the mountain slopes toward the coast, more particularly 
in the valleys where irrigation of the lemon gardens, as the 
orchards are called, is possible (fig. 5 on p. 13). The distribution 
of the trees in Calabria and Sicily becomes apparent from the 
accompanying map. 
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For the purpose of cultivation, young bitter orange twes; 
raised from seed are grafted with twigs from the lemon tree. 
In the fifth year the tree begins to bear, producing about 
200 fruits. A 15 to 20 years old tree yields 1000 fruits and a 
completely developed tree about 1700 to 2000 lemons'). Accord-* 
ing to other estimates, the latter yields as^many as 3000 to, 
5000 lemons*). 

Four harvest periods are differentiated. The principal harvest 
occurs in winter lasting from November to the beginning of 
April. As a rule only the winter fruits, the Limoni are used ■ 
for the production of oil. By withdrawing the water from the 
tre'es, the flowering period which naturally oomes in April and 
May can be retarded. By irrigation at selected seasons flowering 
of the trees can be brought about. Thus three summer haavests 
can be brought about. The lemons of these harvests, however, 
are high priced and are not used in the production of oil. Those 
lemons which mature in April and May are known as Bianchetti 
because of their light.color. Their oil has a low citral content 
and also a lower angle of rotation than the winter oil. The 
Verddli are lemons with a greenish color that are harvested 
in June and )uly. The Bastardoni mature in August and the 
beginning of September. 

Production.^ The principal Sicilian center of production of 
lemon oil is the Etna district ranging from Catania in’the south 
to Giardini in the north. The second district Messina’') extends 
from Giardini to Messina. Then follows the Palermo district, 
which centers in the city of like name and which extends from 
Ficarazzi in the east to Hartinico in the west. Next comes the 

*) A. S. Cheney, Lemon industry in Sicily. Americ. Perfumer 3 (1908), 160. 

') H. E. Burgess and |. F. Child, The lemon oil industry, fourn. Soc. 
chem. Industry 20 (1901), 1V6. 

“) The presentation which follows is based in part on several detailed 
and illustrated accounts. They are: U. S. Department of Agriiulture, Bureau ■ 
of Plant Industry, Washington. Bulletin No. 160, October 6, 1909. Italian 
lemons and their by-products. G. H. Powell, The Italian lemon industry. 
E. M. Chace, The by-products of the lemon in Italy. — E. M. Chace, The 
manufacture of flavoring extracts. Reprint from the Yearbook of Department 
of Agriculture for 1908, 337. - Comp, also Report of Schimmel & Co. April 
t896, 27. 
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^^nd/sg district in the southeast of the island. It extendi fr(^ 
Avola in the south to Augusta in the north. Finally, the fiffti 
or Barceihna district lies between Messina and Palermo. The 
small district in Calabria on the mainland is of interest only in 
^0 far as the oil there is produced by machinery. 

The principal jplaces of production in the several districts 
are: — 

1. Etna district. Catania, Acireale, Giarre (not far from 
here is the village Carruba with the largest lemon oil factory 
in Sicily, in which several hundred pounds of oil are produced 
daily), Mascali, Fiumefreddo, Giardini. 

2. Messina district. Santa Teresa, Roccalumera, Scaletta, 
Zangfea, Galati, Tremestieri, Mili, Contesse, Messina, perhaps 
also Bauso and Rometta. 

3. 'Palermo district. Palermo, Monrcale, Ficarazzi, Partinico, 
Carini and Cinisi. 

4. Siracusa district. Avola, Siracusa, Floridia, Priolo, 
Augusta and Melilli. 

5. BarceHona district. Barcellona, Patti and Santa Agata 
di Milctello. 

The production of the oil usually lasts from December to 
the end of March and is rarely extended into the month of May, 
In Palermo, however, where the production begins later it lasts 
into the month of )une. Around Siracusa the campaign begins 
earlier, about October 15, and lasts until April 15. All those 
lemons that will not stand transportation arc used for the production 
of oil, which is obtained according to one of these methods: — 

According to the first or scorzetta method the lemon rind 
is cut into halves; according to the second into thirds; and 
according (b the third, the machine process, not at all. 

The scorzetta method (fig. 6, p. 15) is employed in the Etna, 
Messina and Siracusa districts, also in Patti and St. Agata di 
Miletello. According to this method, the fruit is cut into halves 
by means of*a special knife (fig. 2) either longitudinally or cross¬ 
wise; longitudinally if the rind is to be further used. The pulp 
is removed by means of a spoon-like tool (fig. 3). The h^i- 
Spheres of the rind are moistened with water and set aside for 
from 4 to 5 hours'or over night. This is said to facilitate the 
.expression of the oil and to increase the yield (fig. 7, p. 19). 
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Whereas these preliminary operations are mostly conducted 
by women and children, the expression is carried out by men. 
(Fig. 8, p. 21 and fig. 9, p. 23.) The periods of labor last from 
2 o’clock in the morning until noon. The men sit on low stools 
with an earthenware jar before them (fig. 4). This jar has a* 
height of from 20 to 25 cm., a like diameter and is provided 



Fig. 2. 


with a lip. just below the lip is a depression which serves to 
retain the water and residues. Across the middle of the jar 
rests a bamboo stick 2 to 3 cm. in thickne.ss. This supports 
three sponges: first a flat sponge, then a somewhat thicker one 
and finally a cup shaped sponge. Into the last the lemon rind 
is pressed with the right hand whereas the left hand presses 



Fig. 3. 


the sponge. The rind is then turned somewhat and again 
pressed. This operation is repeated three or four times. These 
manipulations, however* are performed with such dexterity that 
the expressed rinds seem to fly uninterruptedly into the basket 
intended for their reception. For the longitudinally cut rinds, 
a large round sponge is used in place of the cup-shaped one. 
Aftei- a sponge has served about 10 days it becomes valueless 
because it acquires a tendency tb get brittle' and, therefore, has 
lost the capacity to absorb the oil any longer. 







Oil OF Lemon. 


11 


The oil is decanted carefully from the water and the residues. 
The water and residues are further separated by means of a 
cloth strainer and from the residues of several days’ operations, 
the last traces of oil are expressed by means of a hand press. 
This latter oil is known as /ece and is of inferior quality and of 
less pleasant odoi'. It is not sold as sueh but mixed with the 
other oils. This method, according to which the fruits are 
halved as described, has the advantage that the hemispheric 
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rin^s arc not broken but retain their original shape. They can 
be pickled with salt and exported as salato. Moreover the pulp 
remains relatively intact and can be more advantageously used 
for the manufacture of citric acid, thgn is possible if the fruit 
is treated according to the spugna method. After having been 
expressed ‘for both oil and juice, the fruit residues are useful 
only as fodder. 

The Processo alia spugna is used side by side with the 
scorzetta method in Palermo and Barcellona. It differs from 
the method described princrpally in the preliminary operations 
of the lemon. Three longitudinal incisions are made and the 
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rind is removed from the fruit. On the one nano consweraoie 
pulp adheres to the rind and on the other some rind remains 
at the ends of the fruit. Hence a less complete separation of 
rind and pulp is effected. For the expression of the rind* no 
cup-shaped sponge but a large round one is used, which lies 
over the other two and against which the flatteiied rind is pressed. 
Since some of the pulp adheres to the rind, it is natural that 
Ihe expressed liquid should contain more juice and residues 
:han that obtained by the previously described method. This 
3 il, however, has the advantage of filtering more readily and 
'emaining clear longer. This advantage is explained by assuming 
hat a number of substances dissolved in the oil, and which 
jtherwise separate later, are coagulated by the citric acid and 
hus removed. 

In Palermo and Barcellona the oil contained in the residues 
s not expressed but recovered by a primitive method of water 
listillation. The oil thus obtained is greatly inferior, has an 
inpleasant odor and is colorless. It is admixed with the ex¬ 
pressed oils. 

Upon expre-ssion, 1000 lemons yield 320 to 640 g, of oil. 
h other words 3100 to 1550 lemons are necessary for 1 kg. of 
)il. f Immature fruits arc .said to yield more oil than mature ones. 

The use of a machine, described under bergamot oil on 
). 58, is restrictefi to Calabria. The amount of oil thus bbtained 
Joes not equal 5 p. c. of the total production. It has a more 
iecided color than the oils obtained according to the two other 
nethods. It is reported to be used principally for the adulteration 
)f bergamot oil or for giving a darker color to light oils. 

Extraction method. Inasmuch as the high price, of laipor 
prohibits the production of expressed agrumen oils in the United 
States, a beginning was made about ten years ago to obtain the 
)ils by means of extraction with volatile solvents. They have 
>een designated “oleoresins” and differ from the expressed oils 
)y their darker color and by their higher content of non-volatile 
fxtfactive. To what extent they may replace expressed oils, the 
uture only can tell. The constants of these products are enu- 
nerated under “Properties”. 

Production by mearis of water distillation in vacuum. While 
t is true that the oroduction of norumt^n hv AvnrACCfr,n hae flia 
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advantage of not exposing the oils to higher temperatures so that 
:be finished product contains the volatile constituents in the form 
n which they are found in the plant, this method has disadvan¬ 
tages not to be overlooked. First of all; it demands the much 
more expensive human labor; and secondly, much of the oil 
remains in the rind, hence is lost. Inasmucji as the common 
method usually employed in the production of volatile oils, viz. 
distillation with water vapor under atmospheric pressure, is not 
applicable because malodorous and unstable products are obtained, 
distillation in vacuum has been tried. 

According to a new process, patented by Professors Pera- 
toner and Scarlata, the lemons are cut and the comminuted 
particles expressed so firmly that the juice carries with it the 
oil liberated from the ruptured cells. The acid liquid thus ob¬ 
tained is subiected to distillation under diminished pressure so 
that the temperature never rises above 60'. The residue freed 
from oil is utilized in the manufacture of citric acid. 

In the Chcmico-Pharmaceutical Institute of the University of 
Palermo, Patane and Carelli') have compared the results obtained 
according to this method with those obtained by the older pro¬ 
cess of expression by hand. Parallel experiments yielded 0.12 
and 0.136 p.c. for destination, and 0.115 and 0.16 p.c. for expres¬ 
sion by hand. Hence, so far as yield is concerned, both methods 
yield results that differ but little. 

Schimmel E; Co.-) have retested the method and have ob¬ 
tained appreciably higher results. They, however, proceeded 
somewhat differently. The yellow layer containing the oil cells 
was removed by peeling and the thin sections thus obtained were 
comminuted by machinery as finely as possible. To the ^pulp 
rich in oil considerable water was added, but not expressed. 
The thin mixture was subjected to distillation under a pressure 
of from 50 to 60 mm. UQtil the distillate no longer separated any 
oils drops. Indirect heating with jacket steam was avoided and 
only steam passed directly into the mixture employed. The aque¬ 
ous distillate was not cohobated but was utilized in thinning out 
the magma of the next batch of comminuted rind. 

') Bollellino del Ministerio di AgricoRura, Industria e Commercio. Anno IX, 
Serie C, fascicolo 9, p. 21. 

■’) Report of Schimmel & Co. April 11114, 70. 
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Halving of the lemons (Palermo). 
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In this manner Schimmel 8| Co. obtained 0.3 p.c. of oil ooth 
puted with reference to the original lemons. The oil had a pun 
odor and revealed the following constants: 

duo0.8551; «o-!-55°30'; a,, of the first 10 p.c. of distillate i-48°; 
citral 3.4 p.c., 

duo 0.8547; 5t>°22’; "n „ „ „ 10 p.c.t „ „ +50°40’ 

citral 4.5 p.c. 

With the increase in temperature, the distillation proceeds 
more favorably and a better yield is obtained, however, the aroma 
of the oil suffers. With a reduced temperature the resulting oil 
has a purer odor, but its volatilization diminishes, hence the 
yield diminishes and, what is more, less of the difficultly volatile 
citral passes over. 

Preparation of concentrated, terpene-free lemon oil.’ The 
production of concentrated lemon oils free from the but Slightly 
odorous terpenes is carried out in several ways, the factories 
working according to methods that arc kept secret.' Some are 
based on fractional distillation, with or without vacuum; others 
on the greater .solubility of the non-terpenes in dilute alcohol. 
Still others are based on a combination of both principles. Hence 
it is not surprising that the resulting products differ greatly. A 
decided difference in the angle of rotation is observed if the 
terpenes only are removed or both terpenes and sesquiterpenes. 
In the former instance the concentrated oil is lavogyrate, in the 
latter dextrogyrate. 

Properties. l.emon oil is a light yellow liquid possessing 
the agreeable odor of fresh lemons and an aromatic, mild and, 
somewhat later, bitter taste. Inasmuch as oils produced in 
geographically not distant districts reveal decided differences in 
their properties (sec the accompanying map), it is difficult to 
establish limit values of general applicability. Moreover, the 
season and degree of maturity of the fruit exert a marked influence 
on the properties of the oils. Thus e.g. the oils expressed from 
the fruits collected early in the campaign i.e, in Movember, 
reveal the highest optical rotation, which diminishes with the 
increasing maturity of the fruit as the winter advances. At the 
same time specific gravity and citral content increase. ThuS; 
sometimes occurs that with a small crop of fruits a shohitge of; 
oil results. In consequence thereof lemons are expressed which 
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in normal years are used for other purposes. Tlius it happened 
in 1913, when the price of lemon oil rose to the enormous height 
of -// 43.— per 1 kg., that during the months of April and May 
much oil was expressed from the socallcd hianchetti lemons 
^see p. 8), which revealed a low citral content and an angle of 
• rotation as low as,; 54 . It is further noteworthy that climatic 
conditions, such as continued drought or cold weather, influence 
the properties of the oil. 

Generally speaking the specific ^'rav/ty lies between 0.856 and 
0.861, but 0.854 has been observed as lower limit in connection 
with pure oils. 

The optical idtalio/i'), as a rule, fluctuates between t-57' 
and ^61 ’. However, as becomes apparent from the accompanying 
map,'certain districts, more particularly in the western part of 
the islan ’, produce oils with an angle of rotation of but f- 56 
In one instance Chace'-) observed as low as 54.16 . In other 
districts the angle of rotation rises to i 67". 

The evaporation residue, the determination of w'hich is 
discussed under bergamot oil, varies between 2.1 and 4 p. c. 
However, in oils obtained by the machine process it is higher 
and rises to 5 ') and even 6.6 p.c.'). A. V. of the evaporation 
residue 19 to 39; E.V. 100 to 214. However, the E. V., of small 
amounts of evaporated oil (5 to 10 g,) docs not drop below 150, 
whereas fhat of the residue of larger amounts of oil has been 
observed as low as 100. Th.s apparently is due to the rcsini- 
fication because ol the longer period of evaporation. 

The index of lefraction n,,,,,. lies between 1.474 and 1.476. 

^ Uecartsf of the reasons mentioned under orange oil (footnote 1 on 
p. .W) it i.s necessary to determine the angle of rotation at 20 ' or to compute 
it with reference to this temperature. If the determination is made at a 
temperature below 20', nine minutes should deducted for every degree 
below 20'’; if made above 20 , 8.2 minutes shofild be added for every degree 
in temperature.’ 

*) The occurrence of pinene in lemon oil. U. S. Dept, ol Agrictilt., Uur. 
of Chemistry, Circular Mo. 46, p. 17. 

“) E. Berte and 0. Romeo, Annati del Uiburatwh di/iiiico delta camera 
di commerciu ed art/ della provinti^ di Messh/a, Messina 1908; Report of 
Schimmel 6 Co. April IfXW, 50. 

*) Observations made in the laboratory of Schimmel fi Co. 

GiujrMf.f8n.K, Tur voLAiiur oils III 2 
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Solubility. Because of the mucifag/nous and wax-Jike sub¬ 
stances which accompany the citraptene (see under Composition; 
p. 28) the oil is mostly not perfectly soluble in (6 to 8 vol. of) 
90 p. c. alcohol. However, it forms a clear solution with 0.5 to 
I vol. of 95 p.c. alcohol and with every proportion of absolute, 
alcohol, ether, chloroform, benzene and amy) alcohol. Because- 
of the slight water content of the oil, its solutions in carbon 
disulphide and benzin are mostly turbid'). 

The citral content of lemon oil varies from 3.5 to 4 and 
even 5 p. c. when determined according to KIcber’s method. (For 
details see p. 41 under Examination). 

As to the optical rotation of the first tOp. c. of fractionated 
distillate, see p. 43. 

• 

Proper/ies ol lerpene-lree lemon oil. ' 

As pointed out on p. 16 the methods by which the terpene- 
frec lemon oils-) arc prepared by the several manufacturers 
differ greatly hence the products differ accordingly. It is, there¬ 
fore, impossible to establish limit values. Moreover, a distinction 
is made between those deprived merely of their terpenes and 
those deprived of both terpenes and sesquiterpenes. In connection 
with a number of such concentrated oils, E. ). Parry®) has 
observed the fqllowing limit values; 

Tcrppnc*lrct‘ I icc of terpenes and sesquiterpenes 

d,;, . . . 0.8d35 to 0.899 0.898 to 0.902 

«i, . . . -5' to 8'30' 1^ to—3'45' 

tiB . . abt. I.48I0 — 

Citral . 42 to 48 p. c. An average of 65 p. c. 

or somewhat higher. 

In connection with two terpene- and sesquiterpene-free oils 
made by himself, E. Bcecker') observed the following constants: 
dn.0.8951 and 0.8971;^ «„ 7'10' and - 5°40'; the one oil, 

required 1.4 vol. of 80 p. c. alcohol to form a clear solution, the 
other 0.9 vol. 

') Comp. vol. I, p. 566. 

') Comp. f;. Ilojcker, Ober terpen- und sesquiterpenlreie Ole. WAl^ 
Festschrift. Gottingen UW, p. 201. - lourn. f. prakt. Chem. II. 81 
no (1914), 393. 

*) Chemist and Druggist 88 (1913), 378. 
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Fig. 7. Remov^ of the pulp from the lemons (Messina). 
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For the determination of the hydrocarbon and citral contents 
of concentrated oils see p. 48, 

Properties of other special oils. 

An authentic sample of oil prepared by the machine process 
had the following properties: color green; d,., Cf.8630; «,jj„. + 58 5'; 

of the first 10 p.c. ! 56"34'; 1.47695; evaporation residue 

6.6 p.c. with an A.V. of 25.5 and an E.V. of 136.7; citral content 
6 p.c.'). 

The constants of a Spanish lemon oil were as follows: 
d,,. 0.862; t 63’32'; «„ of the first lO^p.c. +67 10'. 

in connection with a California oil '-) the following constants 
were found: d,., 0.8598; i-53'56'; of the first 10 p.c. 

! 48'42'; n,,.,,, 1.47490; evaporation residue 3.6 p.c. 

The color of a Concrete Oleoresin of lemon (comp. p. 12) 
was dark olive; d,., 0.8730 to 0.8836; + 57 30' to I 60"30'; 

«„ of the first 10 p.c. .54 II'to l-69'40'; evaporation residue 
14.2 to 15.4 p.c.; A. V. of the evaporation residue 25.4; E. V. 102.1; 
citral content 6 p.c. 

Properties of lemon nil lerpenes. d,,, 0.852 to 0.854; + 62 

to i- 72 ; n,,.;,,, 1.473 to 1.475; soluble in 6 to 7 vols. or more 
of 90 p.c. alcoliol and in 1.7 vols. or more of 95 p.c. alcohol. 

Storage, l ike all volatile oils obtained by expression, lemon 
oil deposits a more or less crystalline sediment upon standing. 

Both air and light cause rapid changes: the oil looses its 
color and a viscous, brown mass is deposited. At the same time 
the specific gravity as well as the solubility in 90 p.c. alcohol 
is increased. These changes correspond to those observed in 
connection with old turpentine oil that has been stored improperly. 
Hence, lemon oil should be kept in well filled, closely stoppered 
containers, .stored away from light and in a cool place. 

Composition. Although lemon oil has long been known, it 
required a relatively long time to acquire an even superficial 
insight into this complex mixture. The study of its numerous 
components was not rendered more easy by the presence of 


') Unless otherwise stated, the Sitral content has been determined by 
the Weber method (see p, 41). 

'') Rdport of Schimmel £i Co., October lIMFt, 28. 
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non-volatite constituents since their removal, even by steam, 
distillation, could not be effected without practical decomposition 
of the volatile constituents. 

A critical study of the extensive literature'), which cannot 
be taken up in detail, reveals the fact that some of the oils 
examined formerly were adulterated with tui^entine oil. This is' 
not surprising for it has only recently been demonstrated that 
lemon oil should contain at most, traces of pinene. 

The early analyses of the oil revealed its low oxygen content. 
Individual chemists even went so far to declare it to be free from 
oxygen. This error resulted from the practice to use rectified 
oils for investigation, in the preparation of wliich the oxygenated 
constituents remained in the residue. 

Arranged according to their boiling points, the following 
constituents have thus far been observed: •- 

1. Oc/v/ene(?), In connection with the study of the more 

volatile constituents of large quantities of lemon oil, H. E. Burgess 
and T. H. Page'-) isolated a hydrocarbon possessing the following 
properties: d 0.7275; «„ + 0'; n,„„ 1.4066; b. p. 123 to 124'' 
(768 mm.); molecular refraction 38.54. Molecular weight deter¬ 
mination and elementary analysis yielded values corresponding 
with the formula or Inasmuch as the hydrocarbon 

yielded butyric .acid upon oxidation with potassium permanganate, 
Burgess and Page concluded that it is octylene and regard it as 
a normal constituent of the oil. 

2. ((-Pinene. At times this terpene seems to be wanting 
entirely, at times it is present in such small amounts that its 
detection is coupled with difficulty. On account of the importance 
as to whether pinene is a natural constituent of lemo'n oil, 

') T. de Saussure, Anm. de Chini. et Phys. II. IS (1820), 262j Liebig’s 
Annalen S (1832), 165. - Riimas, Ann. de Chitn. et Phy.s. II. 52 (1833), 45; 
Liebig’s Annalen « (1833), 255 and » (1834), 61. - Blanche! apd Sell, Liebig’s 
Annalen (I (1833), 280. — C. Soiibeiran and H. Capitaine, journ. de Pharm. II. 
’28 (1840), I; Liebig’s Annalen S4 (1840), 317. — Gerhardt, Compt. rend. 17 
(1843), 314. - Berthelot, Ann. de Chim, et Phys. III. 87(1853), 233,88(1853), 
44 and -Ml (1854), 36. — Liebig’s Annalen 88 (1853), 346. — A. Oppenheim, 
fieri. Berichte 5 (1872), 628. - |. Lalont, Bull. Soc. chim. II. 48 (1887), 777 
and 49 (1888), 17; Chem. Zentralbl. 1888, I, 107. 

’*) loiirn. chem. Soc. 85 (1904), 1328. 
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Fig. P. Expression of lennyi oil from the rinds (Palermo). 
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Schimmel fii Co.‘) in 1897 endeavored to isolate the hydro¬ 
carbon by careful fractionation of 50 kg. of lemon oil in vacuum. 
However, they obtained but 0.016 p.c. di.stilling below 170\ 
Inasmuch as this fraction did not possess the properties of 
pinenc and since a .second experiment yielded like results, the 
chemists of this firm denied its presence. From a corresponding 
bevogyrate fraction H. t. Burgess and ). F. Child -) later obtained 
a hydrochloride addition product that melted at 124', hence 
concluded the presence of /-pinenc. A further inve.stigation of 
the subject enabled Schimmel 8i Co. ') to identify a very insig¬ 
nificant amount of pinenc by means of its nitrol bcnzylamidc. 
Still later Schimmel Si Co.') examined 36'samples of lemon 
oil obtained from reliable .sources and found traces of pinenc 
in each. 

From these investigations the conclusion may be drawn that 
pinenc frequently occurs in minimal amounts in normal lemon 
oil, but that occasionally it is completely wanting. Under what 
conditions the lemon tree produces pinenc and under what 
conditions it produces oil free from pinene, has not yet been 
ascertained. 

A method worked out by E. M. Chacc for the detection of 
minimal amounts of pinenc in lemon oil is described in detail 
on p. 44. 

' t 

3. Cawphenv. Schimmel Si Co.'’) having expressed the opinion 
that camphenc might be contained in lemon oil, its presence was 
demonstrated by Burgess and Child") by the preparation of iso- 
borneol from the corresponding fraction. 

4. 1-Pinene. From fraction 165 to 168 E. Gildemeistcr and 
W. Miiller') obtained, upon oxidation, nopinic acid (m. p,‘126') 
and nopinonc (m. p. of semicarbazone 188") thus proving the 
presence of ,.'-pinene in the oil. 

4. 

') Report of Schimmel £> Co. April IsDi, 1<3; October 1S(»7, 22. 

') )ourn. Soc. chem. Indii-stry 20 117b. 

I Report of Schimmel S Co. April Itloi, 33; October IIHI2, 38 

‘I Ih/dcrn October lilON, .30. 

'■) Ihident October Ifl02, 30. 

") Chemist and Druggist (1003),*47b. 

•) Wallach-I e.stschrift, Gottingen 1900, p.44l. -- Report of Schimmel & Co. 
October IlKIll, bJ. 
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5. li-Phellandrene. This was first detected by Scliinimcl8|Co.'), 
and identified by its nitrite melting at 102 . This was verified 
by Gildemcister and Muller'-) who, upon oxidation with dilute 
permanganate solution, obtained a liquid glycol which, when 
boiled with dilute hydrochloric acid, yielded a hydrocuminic alde¬ 
hyde the semicarbaronc of which melted at 203 to 204 . (Comp, 
vol. 1, p. 326). 

6. MethylheptenoiK'. If the mixture of aldehydes and ketones, 
separated from the oil by means of bisulphite, be fractionated, 
methyl heptenone can be identified in fraction 174 to I7d by 
means of elementary analysis and the .scmicarba/onc melting at 
136 to 137 

7. y-Tcrpiiivne. Upon oxidation ot the hydiocarbons boiling 
above*173 , Gildemcister andMiiller*) obtained the crythritol of 
/-terpinenc (m. p. 237 ), thereby proving for the first time the 
presence of this terpene in a volatile oil. 

8. d-linwnvne. This is quantitatively the principal con¬ 
stituent of the oil (m. p. of tetrabroinidc 104 to 105 ) '■). 

W. A. Tilden'') pointed out that the limonenc from lemon oil 
is much lc.ss pure than that obtained from oil of orange. Upon 
oxidation of the limonenc fraction, dc.signatcd by him as citrcnc, 
he obtained paratoluic acid and terephthalic acid, two acids 
which do not result upon the oxidation of the corresponding 
fraction of orange oil. Citrcnc al.so behaves iJiffcrcntly from 
limonenc when treated with concentrated sulphuric acid. As 
with limonenc rcsinification. due to the formation of polymeric 
products, results. In addition, however, cymenc, C,„H,,, can be 
identified among the products readily volatile with water vapor. 
Naturally tlje presence ol cymene after the application of so 
energetic a reagent as sulphuric acid cannot be regarded as 
proof of Its presence in the original oil. It is more likely that 
the cymene resulted from the phellandreneor from the /-terpinenc 
discovered much later. As a matter of fact neither cymene 


') Report of Schimmel f, Co. October 1s»<, 

‘‘i Lot. cit. p. 441. 

“) Report of Schimmel ft Co. October IIHti, .'R 
h Loc. cit. p. 444. * 

h Wallach, Liebig’s Annalen (188.5), TW. 

’*) Pharmaceutical |ourn. III. s (1877), 140 and f) (1874), b:j4. 
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') )ourn. Soc. chem. Indii-stry 20 117b. 

I Report of Schimmel S Co. April Itloi, 33; October IIHI2, 38 

‘I Ih/dcrn October lilON, .30. 

'■) Ihident October Ifl02, 30. 

") Chemist and Druggist (1003),*47b. 

•) Wallach-I e.stschrift, Gottingen 1900, p.44l. -- Report of Schimmel & Co. 
October IlKIll, bJ. 



Oil of Lemon. 


27 


11. «-rer/?//7eo/ has been found in the higher boiling frac¬ 
tions which had been freed from aldehydes. It was identified 
by means of its phenylurethane melting at 110’'). 

12. Citral. From the aroma point of view, citral. 0 

IS the principal constituent of the oil. This aldehyde was 
discovered in the ’laboratory of Schimmel § Co. in 1888 by 
j. Bertram in oil of lemon -). The amount of this aldehyde 
vanes between 3.5 and 5p.c. (Kleber’s method). For its assay 
see pp. 30 to 43. ^ 


13 and 14. Unalyl and gerany! ace/ales. According to 
). C. Umney and R. S. Swinton") the lemon oils of Messina and 
Palermo contain geranyl acetate. From socalled concentrated 
oils, /. e. from the high-boiling fractions rich in oxygen, they 
removefi the aldehydes with hot bisulphite solution and saponi¬ 
fied the non-aldehyde constituents. From the alkaline solution 
they separated acetic acid, and from the oil a fraction which 
formed a solid derivative with calcium chloride and which upon 
oxidation yielded citral. Hence they regard it as geraniol, which 
occurs in the original oil as acetate. From Palermo lemon oil 
they isolated, in addition to geraniol, a fraction having the pro¬ 
perties of /-linalool. Umney and Swinton are of the opinion that 
the differences in the odor of the lemon oils from Palermo and 
Messina are due not only to the differences in thp ratio between 
citral and citroncllal of the two oils, but also to the presence 
of linalyl acetate in the Palermo oil. 


15. Bisabolene. The occurrence of a .sesquiterpene in lemon 
oil was first pointed out by V. Oliveri'). Schimmel £( Co."') deter¬ 
mined the constants of this hydrocarbon and pointed out its 
remaFkably.low specific gravity. H. E. Burgess and T. H. Page") 
obtained a hydrochloride melting at 79 to 80 ’ and established its 
identity with the liniene previously obtained by them from oil 
of limes. The identity of both sesquiterfienes with the known 


') Report of Schimmel Si Co. October 1902, 40. 

*) Bericht von Schimmel h Co. October INNS, 17. 

”) Pharmaceutical fourn. <11 (1898), 196 and .370. 

*) Gazr. chim, ital. 21, I (1891), 318; Berl. Berichie 24 (1891), 624, 
abstracts. * 

*) Bericht von Schimmel & Co. October 190(1, 2b. 

•) lourn. chem. Soc. 85 (1904), 416. 
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bisabolene, previously isolated from Bisabol myrrh*) was esta¬ 
blished by Gildemcister and Miiller**). 

16. Cadinvne. Bisabolene is accompanied by a higher boiling 
sesquiterpene which likewise yields a hydrochloride. On account 
of the small amount available, its melting point could by rc- 
cry.stallization not be brought higher than IW) to 113', but all of 
its properties suggested cadinenc. 

17. Adds. According to von Soden and Rojahn') acids can 
be removed from lemon oil by shaking it with sodium bicarbonate 
solution. When the solution of sodium .salts is acidulated with 
sulphuric acid and shaken with ether a small amount of acids 
is obtained, which arc in part volatile in pah non-volatile. The 
latter shows a light blue fluorescence and dissolves in alkali 
carbonates with a beautiful light blue color. 

E. ). Parry') is of the opinion that traces of the methyl ester 
of Mithrmiilic add are present in the oil. 

18. Citroptene. dtraptene or lemon camphor. Upon pro¬ 
longed standing the expressed lemon oil .separates a waxy, soft, 
more or less slimy ma.ss, which likewise remains as a yellowish- 
brown residue when the oil is rectified or evaporated. Concerning 
its composition there exists an extensive literature'). E. Schmidt"), 
however, first succeeded in revealing the constitution of citrop- 
lene which is identical with limettin. Upon treating the distilla¬ 
tion residues of lemon oil with ether, citroptene is Obtained as 
a granular, crystalline mass. It is insoluble in ether and after 
repeated crystallization from acetone and methyl alcohol, and 
finally from dilute alcohol to which animal charcoal has been 
added, it is obtained as shiny, colorless needles that melt at 
146 to 147 . The solutions reveal a handsome violqt blue huo- 

') Comp. W. Tucholka, Arch, der Hiarm. ill« (IS97), 292. 

■) Wallach-t estschrift.GoUinpen IW, p.448. — Report of Schimmel fr Co. 
October IfMWt. 04. * 

"') l.<K. Lit. 

') Chemist and Druggist -V! (1900). 99,'J. 

') G. I Mulder, Liebig's Annalen SI (1839), 69, — W. Tilden and C. Beck, 
lourn. chem. Soc. ai 0890), 328; Berl. Berichte 2!t (1890), 500, abstracts. — 
L. CrLsmer, Hull. Soc. chim. III. K (1891), 30; Berl. Berichte 24 (1891), 661, 
Referate. - E. Theulicr, Rev. gen. de Chim. S (1900), 421. — H. E. Burgess, 
Proceed, chem. Soc. 17 (1901). 171. 

“) Apotheker Ztg. Hi (1901), 619. ~ Arch, der Pharm. 242 (1904), 288. 
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rescence. Analysis reveals the composition and meth- 

oxyl determinations, the presence of two methoxylgroups. Fusion 
with potassa phloroglucinol and •tccticacid. In chloroformic 
solution citroptene combines with bromine to form a dibromide 
^11^111^*^20(1 that melts between 250 and 260 . The supposition 
that citroptene is a methylated ddtydros v ciiniarin was confirmed 
by synthesis. Starting with pbloroglucinai, Schmidt converted this 
intopblorogliicin aldehyde and from this, upon cumarin synthesis, 
a dihydroxy cumarin which, upon mcthylation, yielded a compound 
corresponding in its properties with citroptene. It melted at 146 
to 147 . Hence citroptene is represented by the following formula. 

H OCH, 

CH,0 CH CH 

H 0 • CO 

In addition to citroptene and other compounds, Schmidt 
found in the lemon oil residues a phenol melting a 89' which 
dissolves in sulphuric acid with a deep red color but docs not 
react with ferric chloride. 

Examination. The examination of lemon oil as to its purity 
is one of the most difficult tasks of the analytical chemist. As 
has already been pointed out, the properties of the oils vary 
considerably with the districts in which they are produced, also 
with the periods of the year in which the fruit is harvested. 
To these difficulties there should be added the uncertainty to 
detect the addition of hydrocarbons which result upon the pro¬ 
duction of terpene-free oils, provided this addition is restricted 
to c«;rtain limits. A further difficulty exists in the presence of 
non-volatile substances which interfere with the isolation and 
assay of such constituents as citral. Indeed, the citral assay 
of lemon oil is one of the most difficult ,task.s. Hecause of the 
low citral content of this oil, its assay must be extremely exact 
in order to utilize the results as a means of detecting the 
additions of non-aldehydic substances. It should furthermore be 
remembered that adulterators can readily bring the citral content 
of an adulterated oil up to the required standard. 

Gross adulterations can be detected by the determination 
of the specific gravity and angle of rotation. Important con- 
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elusions can also frequently be drawn from the amount of eva* 
poration residue. Adulterations with turpentine oil can be detected, 
in most instances by a comparison of the optical rotation of 
the first 10 p.c. of distillate with that of the original oil. The 
solubility test according to G. Hatane (comp. p. 45) has not yet 
been corroborated sufficiently by experience* to judge its value. 
Neither has the viscosity determination (.see p. 47) found its 
way into practice. 


.METHODS OF CITRAI. ASSAY, 

1. The first attempt to determine quantitatively the amount 
of citral in lemon oil was made by H. Garnett'), who reduced 
the aldehydes to alcohols by means of sodium and attempted 
to assay the latter by acetylation. As detailed experimer\ts have 
revealed, the reaction is unfortunately not quantitative, hence 
the re.sults are useless-). 

2. Method of /. Wafther. Walther ') has utilized citraloxime 
for the quantitative determination of this aldehyde. An alcoholic 
solution of hydroxylamine hydrochloride of known strength is 
boiled with a definite amount of lemon oil (about 10 g.) and some 
sodium bicarbonate for three-fourths of an hour on a water bath 
in a long-necked flask connected with a reflux condenser. After 
cooling, the amount of unconsumed hydroxylamine hydrochloride 
in the reaction mixture is determined titrimetrically with’ sodium 
hydroxide solution. The difference between the amount of 
hydroxylamine hydrochloride originally employed and that thus 
found represents the amount that has entered into reaction with 
the citral and admits of the computation of the latter. On account 
of the inaccurate results the method has not been, followed'). 
For this reason it has been modified by A. H, Bennett’). In 
order to avoid the evolution of carbon dioxide, and with it the 
oceasional loss of hydroixylamine, he has employed caustic potassa 
in place of sodium bicarbonate. The amount of alljali is chosen 
so that an excess of hydroxylamine with reference to the citral 

') Chemist and Druggist 4S (1896), 599. 

') Report of Schimmel 5 Co. October ISlMf, 41. 

’) Pharm. Zentralh. 4« (1899), 62l;<41 (1900), 585. 

') Report of Schimmel 6 Co. April IDtlO, 22 and October 190J, 26. 

') Analyst tl4 (1909), 14; Chem. Zentralbl. IW, 1. 593. 
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is liberated from its hydrochloride, but that some of the hydro¬ 
chloride remains unchanged. To a mixture of 20 cc. of lemon 
oil and 20 cc. ^ alcoholic (SOp.c.) hydroxylamine hydrochloride 
solution, 8 cc. alcoholic normal potassium hydroxide solution and 
20 cc. of aldehyde-free strong alcohol are added and the mixture 
boiled for one-half, hour in a flask connected with a reflux 
condenser. After the reaction mixture ha.s cooled, 250 cc. of 
water are added, part of which is used to rinse the reflux 
condenser, and the hydrogen chloride still combined with the 
hydroxylamine is neutralized, phenolplithalein being u.sed as 
indicator. The hydroxylamine not combined with the citral is then 
titrated with sulphuric acid, the end reaction being ascertained 
by removing drops to be tested with methyl orange as indicator. 
A blind is conducted in like manner but without lemon oil in 
order to’a.'certain the factor of the hydroxylamine solution. Prom 
the difference in the half-normal sulphuric acid consumed in the 
two experiments the amount ol hydroxylamine that has entered 
into reaction can be ascertained and the amount of citral can be 
computed by multiplication with 0.07b. The serviceability of the 
method was determined by Bennett by using pure citral. When 
lemon oil was tested the citral content fluctuated between 4.3 
and 5.2 p.c. 

Schimmel 8) Co.') found that by adding pure citral to the 
oil the results were too low by 10 p.c. 

3. Method of A. Sold.v'ni .itid L. lierii'-). 5 cc. of lemon oil 
are measured at a definite temperature in a cylindrical pipette 
graduated into ^ cc. and allowed to flow into a 100 cc. fractionating 
flask, the neck of whicli is so contracted that it can be connected 
with the inverted pipette by means of a rubber tube. The lateral 
tube of the fractionating flask is bent upward and can be closed 
by means of a piece of rubber tubing and pinch cock. To the 
oil in the fractionating flask 25 cc. of a ■ saturated solution of 
potassium acid sulphite solution, containing some free acid, are 
added and the mixture shaken thoroughly. The mixture is then 


*) Report of Schimmel £t Co. October IHWii, 1.%. 

•) lielDdi generaH per I'atiiilisi t/el/e essen/e ed in pitrticolare per k 
essenze esperidee. Boll. chim. farm. !ls (ISW). t>37\ Report of Schimmel S Co. 
April im, 25. 
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digested for 10 minutes in a boiling water bath, care being taken 
to shake the flask at short intervals and to see to it that it does 
not become hotter than is convenient to the touch if the bulb 
is held in the hand. The contents are then allowed to cool with 
constant shaking, again heated for 5 minutes and finally allowe’d 
to cool completely without interruption in the shaking. The 
lateral tube is now connected with a funnel, through which water 
can be added as desired to the flask, and the inverted cleansed 
and dried pipette is connected by means of a rubber tube with 
the upper, contracted end ot the fractionating flask. Water is 
now added through the funnel and, assisted by rotation and 
rapping, the floating oil is induced to ri.se Into the pipette. For 
the purpose of removing any oily particles that adhere to the 
neck, air is forced through the lateral tube. The air wili carry 
with it any oil. After all of the oil has thus been colfected in 
the pipette, it is allowed to become clear by standing and its 
volume read off and the difference computed as volume of citral. 
For the determination of the approximate percentage by weight 
an average specific gravity of 0.850') is taken. 

This method has proven inexpedient because at the border 
ot the oily and aqueous /ones a mucilaginous and salty secretion 
is formed which renders an exact reading impo.ssible. 

4. Method ol /. Mi//;i. Parry-) has suggested to determine 
the citral content of lemon oil with the aid of the citrylidene 
cyanacetic acid discovered by Tiemann. From 200 cc. of lemon 
oil, about 175 cc. are removed by fractional distillation under 
diminished pressure. The residue is measured and the temperature 
noted. To 10 cc. thereof contained in a cassia flask a solution 
of 5 g. of cyanacetic .acid in 30 g. of 15 p.c. sodium hydroxide 
solution are added and the mixture shaken at a low temperature. 
The aldehyde of the oil dissolves in the aqueous-alkaline liquid, 
whereas the non-aldehyde constituents float on the .solution. The 
volume of the latter is read oft in the graduated neck of the 
flask at the same temperature at which the volume of the residue 
of the oil was determined. The number of cc. read off is 
deducted from 10. This difference with reference to the original 

') .Apparently a printer's error, and should read 0.8,id. 

■') Chemi.st and Druggist .Vi (|d00), 376. 
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volume of oil used (200 cc.) computed for 100 parts of lemon 
oil reveals the percentage content of aldehyde. 

Although the results obtained with citral mixtures of known 
content agreed fairly well (as a rule they were somewhat too 
high), the method is not applicable to lemon oil, since an aceurate 
reading is rendered‘impossible because of the separation of a 
mucilaginous layer at the xone of contact as is the case with 
the bisulphite method'). 

■). Method of S. S. S.u/r/ei '). This is based on Tiemann’s 
observation that when citral is shaken with neutral sodium sulphite 
solution citral dihydrodisulphonic acid tesults, sodium hydroxide 
being formed at the'same time; 

C,H,,CHO 1 2Ma,SCX, 2thO C„li,;(SO,,Na),CHO i 2NaOH. 
by titration with .semi-norm.il hydrogen chloride the amount of 
liberated sodium hydroxide is determined and from this the 
amount of citral computed. The method is carried out in the 
following manner: 

Having neutrali7ed the tiee acid in .0 to 10 g. ot lemon oil, 
contained in Erlenmeyer flask, with semi-normal potassium 
hydroxide solution, live limes the amount of a 20 p.c. sodium 
sulphite solution aie added, the sulphite solution having previously 
been neutrali/ed with semi-normal hydrogen chloride at water 
hath temperature, rosolic acid being used as i’ldicator. The 
mixture being shaken repeatedly is healed in a boiling water 
bath and the resulting sodium hydroxide neutralized from time 
to time. The reaction is completed as soon as the solution 
remains neutral, which occurs after about one-half hour. The 
amount of hydrogen chloride consumed is equivalent to the 
amount of liberated sodium hydroxide and this to the citral 
content of the oil. The following formula may be u.sed in which 
(7 represents the number of cc. of 'i acid and s' the amount 
of oil used. 

.1.8-a 
s 

The end reaction, however, is so indistinct that concordant 
results are not obtained. In the process of neutralizing the 


') Report of Schimmel fi Co. October 1900, 24 
Americ. )ourn. Phartn., 7<i (1904), 84. 

GllULMhiMi-H. Tin tOIATILJ OH.S. Ill 
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liberated sodium hydroxide with the acid, the original red color 
produced by the rosolic acid gradually passes over into pink, 
hence it is difficult to decide which shade of color is to be 
regarded as indicating the end of the reaction. Neither will it 
do to titrate the solution until an absolute change in color 
takes place for then the results obtained'are several percent 
too high'). 

6. Method of 0. Homeo '). This method is very similar to 
Sadtier’s and suffers from the same defect, i7>. that the end 
reaction cannot be determined accurately. In trying out the 
method it was not even possible to standardize the solution 
accurately according to directions '). 

This method is based on the reaction of citral with a solution 
of neutral and acid sulphite with the formation of a trihydro- 
trisulplionic acid according to the following equations; — 


I. C 


H . 2Na.,SO,, 
0 NahSO, 


2H,0 


C,,H,; (SO,Na),, CH(OH)SO„Na b 2NaOH. 
2. 2NaOH i 2NaHSO„- 2H,02 Na,,SO,,. 


According to the above equations three acid equivalents 
correspond to one molecule of citral. For the assay a solution 
of 400 g. Na.;SO., + 7 H„0 in 1 liter of water -b 160 cc. of a 
concentrated potassium acid sulphite solution are standardized 
against ^ potassium hydroxide. 25 cc. of this are gently heated 
with 5 cc. of lemon oil, titrated with acid, rosolic acid being 
used as indicator, and the citral content computed. Experiments 
were made with pure citral, solutions of citral in xylene of known 
aldehyde content, and citral-containing oils (ordinary as well as 
terpene-free). The results obtained by the author agree very 
well. Four lemon oil,s revealed a citral content varying between 
3.64 and 4.48 p.c. 

R. 0. Brooks') employs a neutralized potassium bisulphite 
solution in place of that of sodium sulphite. However, according 


') Report ol Scliimmcl fi Co. April tiU4, 48. 

•» i'll nuovo metodudideterminaiione qiiantitativadelcitral. Messina i405. 
■) Report of Schimmel ^ Co. October 30. 

') Americ. I^erfiimer 3 (1408), 24. 
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to Schimmel £( Co.'), this modification does not remove the defects 
of the method. 

7. Method oi P. B. Pother-). This method for the assay of 
aldehydes and ketones is based on their conversion into phenyl- 
hydrazones, the reaction of the excess of phenythydrazinc witli 
iodine, and finally *the titration of the excess of iodine with 
thiosulphate. According to E. Fischer the reaction between iodine 
and phenylhydrazinc is expressed by the following equation: - 

2C„H,NHNH.,-,-2l., C„H,h, -l-C„H,NH„ HI ! 3HI. 

However, according to E. von Meyer, the reaction is modified ' 
by an excess of iodine as expressed by the following equation; 

• C„H,NH rHH., r 21, C„H,,I i N, t- 3 HI. 

• 

Fully .3 g. of phenylhydrazine arc dissolved in about 250 cc. 
of warm water, the solution filtered to remove resinous products 
into a half-liter flask. After cooling the flask is filled to the 
neck with boiled distilled water. The rather unstable solution 
is to be kept well stoppered and away from light. 

The strength of the phenylhydrazinc solution is determined 
in the following manner: 300 cc. of water and exactly 40 cc. of 
iodine solution are transferred to a liter flask. With the aid 
of a pipette, 10 cc. of the phenylhydrazinc solution iire transferred 
to a small flask containing 50 cc. of water and the diluted solution 
transferred to the liter flask. Alter about I minute the excess 
of iodine is titrated with |'J thiosulphate. 0.1 g., of pure phenyl¬ 
hydrazine corresponds to 37 cc. of iodine solution. 

Of the lemon oil to be examined, about 10 g. arc weighed 
in a weighing flask and in order to avoid oxidation several cc, 
of alcohol are immediately added. With the aid of about 30 cc. 
of alcohol the oil is then transferred to a flask of 250 cc. Enough 
standardized phenylhydrazinc solution is then added so as to 
supply one molecule of phenylhydrazine for every molecule of 
aldehyde or ketone. Ttic mixture is then thoroughly shaken 
•and set aside for about 20 hours protected against light and 


') Report of Schimmel ii Co. October l»Ob, 156. 

•) Oie Bestimmung der Aldehyde iind h'elime /iir Bewertung Htherhcher 
Inaug. Dissert. Dresden td07. 
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repeatedly shaken during this time. After this the unchanged 
oil is removed by means of a separating funnel and repeatedly 
washed with water, the washings being added to the liquid to 
be titrated. This liquid is still further diluted with water and 
filtered through a pleated filter (if necessary with some gypsum), 
into a liter flask containing about 500 cc.'of water and 10 to 
20 cc. of ” iodine solution, the latter amount varying according 
to the amount of phenylhydrazine used. During the process of 
filtration the flask is shaken repeatedly. The filter having been 
carefully washed with water, the liquid is titrated with thio¬ 
sulphate solution, starch solution being used as indicator. 

The percentage of aldehyde being indicated by v, this can 
be computed with the aid of the following formula: - 
^ cIM 
■' 10()-4 s ’ 

in which d is the difference between the amount of cc. of 
iodine solution corresponding to the phenylhydrazine used and 
the actual number of iodine solution consumed, M the mole¬ 
cular weight, and s the amount of material used expressed in grams. 

Upon trying out this method') it was found that, in general, 
useful results arc obtainable but that these do not exceed in 
accuracy those obtained by the volumetric bisulphite method 
and the sulphflc method. In daily practice it offers no advantage 
over the other two methods, both becau.se of the instability of 
the required solutions and because it takes too long to ascertain 
the results. Neither is the method sufficiently reliable so that 
conclusions as to the quality of the oil can be drawn directly 
from the determined citral content. Indeed, the variations in 
the results arc sufficiently large to admit of the passage of 
adulterated oils as good ones. 

8. Method o! P. Bruykwts. For a long time the blood spectrum 
has been employed for the detection of such substances as oxygen, 
carbon monoxide and hydrogen cyanide by observing the change 
in the spectra produced by them. Recently Bruylants ') has utilized 
the spectroscopic behavior of the blood for the quantitative detcr- 

') Report of Schiinmel ii Co. October 1907, 121. 

*) Bull, de I’Acad. roy. de Belgique tC/a.sser/essa'ences^ 190", 217,955.— 
Annal. de Ph.irin. l:l (1907), 321. 
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•mination of aldehydes proceeding from the following considerations. 
If yellow ammonium sulphide and a small amount of aldehyde 
are added to defibrinated blood, the two absorption bands of 
the oxyheemaglobin loose their intensity. Gradually a third band 
appears between them which incrca.ses in distinctness and ulti¬ 
mately acquires the, same degree of intensity as the two bands 
of the oxyhicmaglobin. These are then modified still more. 
Bruylants points out that, according to his method, not only the 
citral but all of the aldehydes are determined m the lemon oil. 
So far as practical results arc concerned this is of little con¬ 
sequence since the other aldeliydes are present in small amount 
only as compared with citral. 

For carrying out the determination the following instruments 
and reagents arc needed: I. A spectrophotometer after d’Arsonval 
the twef fields of vision of which arc arranged one above the 
other so as to admit of direct compari.sons; also the containers 
for solutions belonging thereto, burettes and test tubes. 2. A 
3 p.c. blood solution, made from fresh, defibrinated pig’s blood, 
which in the spectroscope shows the two bands characteristic 
of oxyha;maglobin. 3. A solution of ammonium sulphide which 
must be prepared with special care in order to obtain the desired 
results. (A definite volume of ammonia is saturated with hydrogen 
sulphide, a .somewhat larger volume of ammonia is added, and 
the anmioniacal sulphide solution thus obtained txposed to the 
light for several days.) 4. Citral solutions of 3, 4 and 5 p.c. 
citral in citral-frec oil for comparison. 5. Aldchydc-free, 94 p.c. 
alcohol prepared by boiling over potassium hydroxide and 
m-phenylenediamine hydrochloride. 

Preliminary tests arc made preferably by two persons to 
ascertain tlie approximate percentage of aldehyde. To 9 cc. 
each of the blood solution, I cc. of the ammonium sulphide 
solution is added, and then the solution of the oil to be examined 
to the one and the ,3 p.c, citral control .solution to the other. 
The solutions' should be prepared under exactly the same con¬ 
ditions. Both of the oil solutions arc so prepared that for 
every cc. of aldehyde-containing oil 5 cc. of alcohol are used. 
At first 0.15 cc. of each solution is added and the containers 
shaken for about one-half minute. After separation of the in¬ 
soluble portions, the lower layer is removed by means of a 
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pipette and transferred to the spectroscope tubes. When working 
fairly rapidly the oxyhaemaglobin bands can be located in both, 
fields of vision. Then the band in the middle appears as first 
phase of the reaction. If the aldehyde content is the same in 
both solutions this middle band appears in both fields at the 
same time. If this is not the case the amqunt of the alcoholic 
solution of the oil is increased or diminished by one-hundredth 
part of a cc. whereas the amount of the control solution remains 
the same. Thus, after 5 or 6 tests the aldehyde content can be 
ascertained approximately. In the subsequent exact determination, 
a control solution is used, the aldehyde content of which ap¬ 
proximates that of the oil to be examined. If* the oil contains less 
than 5 p.c. aldehyde, a 3 or 4 p.c. citral solution is used; if more 
than 5 p.c., the 5 p.c. solution is employed and the solutions 
are tested until the middle absorption band appears at the same 
time. After some practice, a complete determination can really 
be made within a half hour. The results are fairly exact. In 
an artificial oil with 5.06 p.c. of citral, 4.9 p.c. were found. 

Several lemon oils were examined by Bruylants and the 
following volume percentages of citral ascertained: 

Messina oil, 1906 harvest; 4.58 and 4.65 p.c.; harvest of 
january 1905: 5.42 and 5.52 p.c.; harvest of Movember 1904: 
6.47 p.c. 

Reggio oil, 1906 harvest: 5.10 and 5.14 p.c. 

Two commercial oils contained 3.5 and 3.7 p.c., a third 
contained but 2.86 p.c. citral. 

Whatever the scientific interest may be that is attached to this 
method, from the point of view of the analytical laboratory it is 
much too complicated to be used in the assay of volatile oils. 
For this reason it apparently has not been used in practice. 

9. Method ot li. M. Chace'). This method is based on 
the property of fuchsinsulphurous acid to become red in the 
presence of aldehydes, the intensity of the red cqlor depending 
on the amount of aldehyde present. A comparison with the 
color of solutions of known aldehyde content enables the 
determination of the aldehyde in the oil to be examined. 

') A method for the determination of citral in lemon oils and extracts. 
|oum. Americ. Chem. Soc. (1906), 1472. 
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The following reagents are required: I, Fuchsinsulphurous 
acid: 0.5 g. fuchsin are dissolved in 100.cc. of water and a 
solution containing 16 g. of sulphurous acid is added. When 
decoloration has taken place, the solution is diluted to I liter. 
T+iis solution has to be prepared fresh every 2 or 3 days since 
it spoils readily. 2. Alcohol of 95 p.c. by volume that is ab- 
■solutely free from aldehydes. In order to remove all but traces 
of the aldehyde, the alcohol is allowed to stand over alkali. 
The alcohol is then distilled and the distillate boiled for several 
hours with m-phcnylenediamine hydrochloride, using 25 g. per 
liter. After a second distillation the aicohol is ready for use. 
3. A standard citraL solution, /. e. a solution of 0.1 p.'c. of citral 
in 50 p.c. aldehyde-free alcohol. Thc.se, as well as the follow¬ 
ing solutions, arc prepared at a temperature of 15 . At this 
temperature all of the determinations arc made, the several 
containers being kept at this temperature in a waterbath for 
ten minutes before being used. Above all, a higher temperature 
is to be avoided. 

The assay is carried out in the tollowing manner: 2 g. each 
of the oils to be examined are diluted to 100 cc. with aldehyde- 
free alcohol. 4 cc. each ol the.se solutions are transferred to 
flasks of the same size, 20 cc. aldehyde-free alcohol added and 
then 20 cc. of fuchsinsulphurous acid and the solution diluted 
to 50 cc. .with alcohol and well mixed. Witb the standard 
citral .solution, like .solutions are made for comparison. All 
solutions are allowed to remain in the water-bath for 10 minutes 
when the intensity of the colors are compared either directly 
or with the aid of a colorimeter. 

As tried out by Chace, this method yields fairly satisfactory 
results witli’ mixtures of citral and limoncnc, the values found 
differing not more than 0.2 p.c. on the average from the real 
citral content. With lemon oils the results were not as favorable 
though here also the errors remained within 0.5 p.c. 

While trying out this method, Schimmel Co.') did not 
use the colorimeter, but compared the intensity of color directly. 
They prepared eight different mixtures of the standard citral 
solution with the fuchsinsulphurous acid and alcohol in such a 


') Report of Schimmel Si Co, April liM)7, 116. 
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manner that each subsequent mixture contained 1 cc. solution - 
1 mg. citral more that the preceeding one: the first mixture 
containing I cc. of standard .solution - 1 mg. citral, the eighth 
one 8 cc. of solution 8 mg. citral. Thus it became apparent 
that up to 5 mg. citral content the mixtures revealed differences 
in color, whereas beyond 5 mg. the color^ become so intense 
that differences were no longer observable. Smaller differences 
than 1 mg. in the citral content of the solutions were directly 
observable i. e. without colorimeter, only in very dilute solutions, 
/. e. up to about 2 mg. citral. 

According to Schimmel 8) Co. the citral content of lemon 
oils cannot be determined with certainty in this manner, since 
the waxy constituents of the oil prevent the recognition of the 
tone of color with any distinctness. This results in appreciable 
errors. The amount of citral found by the comparison Of colors 
is to be multiplied by 1250 to yield the citral content of the 
oil. If there is any doubt as to whether the color indicated a 
citral content of 3 mg. or 4 mg. (lesser differences cannot be 
determined for lemon oil) the following percentages result: 
0.003 1250 3.75 or 0.004-1250 5.0, hence results that differ 
by 1.25 p. c. h’or the low citral content of lemon oils this 
difference is too great for the oils themselves, though, no doubt, 
the method is applicable to lemon extracts. Indeed Chaco him¬ 
self has expressed this view in his publication. 

10. Method of H. S. HUtner'). For the determination of citral 
in lemon extracts and oils Hiltner likewise recommends a colo¬ 
rimetric method. It is based on the observation that at room 
temperature the .addition of citral to a dilute alcoholic solution 
of m-phenyicnediamine hydrochloride causes the formation of a 
yellow color, the intensity of which increases with the citral 
content. For this purpose a I p. c. freshly prepared solution of 
m-phenylenediamine hydrochloride in 50 p.c. alcohol is employed. 
It must be perfectly colorless and clear, conditions that are 
attained, if necessary, by treatment and filtration with animal 
charcoal. By comparison with a solution of known citral content 
(0.25 g. citral to 250 cc. of 50 p.c. alcohol), the citral content of 
an extract or oil can be determined. 

I 

') loiirn. ind. eng. Chemi.<!tr>- I (IW), 798; Chem. Zentralbl. 1910, 1. 1899. 
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For a determination 1.5 to 2.0 g. of lemon oil are diluted 
with 90 to 95 p. c. alcohol to make a 50 p. c. solution. Of this 
solution 2 cc. are transferred to the colorimeter tube, 10 cc. of 
the phenylenediamine solution are added, and the mixture 
diluted to a definite volume. With the standard citral solution 
comparative mixtures are prepared until the same intensity of 
color has been produced as has resulted in the solution of the 
oil to be tested. From this the citral content of the oil can be 
computed. 

If, according to directions, the tests are made at room tem¬ 
perature the reaction is influenced neither by the acetaldehyde 
of the alcohol, nor by the other con.stituents of the oil. However, 
for oils that have been altered by oxidation, the method cannot 
be used, for such oils, according to the degree of oxidation, 
product a yellowi.sh-green to greenish-blue color. 

11. Method of C. /\hber'). Even before its publication this 
method had been used for a longer period by Schimmel Si Co.'-) 
who tested it as to its utility. It was thus demonstrated that 
it is superior to all methods published hitherto, not only because 
it yields more reliable results, but also because it can be carried 
out more readily. It is based on the observation that phenyl- 
hydrazine can be titrated accurately with mineral acids when 
ethylorange is used as indicator and that the hydrazones which 
the phenyihydrazine forms with aldehydes and ketones react 
neutral toward ethylorange. I.iasmuch as the phenyihydrazine 
solution decomposes very rapidly, it is best prepared fresh for 
each assay. At least no solution .should be employed that is 
more than one day old. If necessary the phenyihydrazine is 
previously distilled in vacuum. 

According to the directions, slightly modified by Schimmel St 
Co., about 2 g. of oil are mixed with a freshly prepared 2 p. c. 
alcoholic phenyihydrazine solution in a 50 cc. glass-stoppered 
flask and set aside for I hour. Then 20 cc. of hydrogen 
chloride are added and the liquids mixed by gentle shaking. 
10 cc. of benzene are then added and after the mixture has 
been shaken thoroughly it is transferred to a separating funnel. 

• 

') Americ. Perfumer 6 (1^12), 284, 

') Report of Schimmel St Co. April Ihie, 75. 
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After having been allowed to stand for a short time, the 30 cc. 
of acid layer are drawn off and filtered through a small filtw. 

^ cc. of this filtrate to which 10 drops of ethylorange 
solution (1:2000) have been added, are titrated with potassium 
hydroxide until a distinct yellow color appears. From this the 
amount of potassium hydroxide required for 30 cc. of filtrate 
is computed. For the standardization of the phenylhydrazine 
solution a blind experiment /. e. without oil is made. If the 30 cc. 
of filtrate of the first experiment demands a cc. of potassium 
hydroxide and b cc. in the latter experiment, the citral equivalent 
of the amount of oil (s grams) used is a~b cc. potassium 
hydroxide. In as much as 1 cc. of ” potassium hydroxide 
corresponds to 0.0152 g. of citral, the percentage content of the 
oil can be computed with the aid of the following formula 
(a—b). 1.52 
s 

The object of shaking out with benzene is to render clear the 
solution which has become turbid upon addition of the hydrogen 
chloride. This facilitates the recognition of the change in color. 

In the following table arc recorded the results obtained by 
this method with mixtures of known citral content. These clearly 
reveal the usefulness of the method: — 


Found , 


Citral content of the solution. 
-P-c- -tp-c. 6p,c. 

2.4 p.c. 4.1 p.c. 6.2 p.c. 

2-0 4.0 „ 5.9 „ 

3.9 „ 6.0 „ 


7.3 p.c. 

6.9 p.c. 
7.0 ,. 
7.1 „ 


A comparison of the results obtained according to the several 
methods for the assay of citral reveals appreciable differences, 
nence it is always necessary to report the method with the 
results. The citral content of pure or supposedly pure oils is 
recorded by the following investigators: — Soldaini and Berte'*): 
6.5 cc. m 100 cc. oil; Parry*): 5 to 6 p.c.; Parry*): 3 p.c.; 

2 Chim. Farm. 3S (1899). 537; Report of Schimmel 6 Co. April im, 25 

) Chemist and Druggist iW! (I9(X)), 370. 

") Ibidem (18 (1903), 820. 
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ISadtler^); 5.26 p.c.; Berte*); 6.85 to. 7.4 p.c.; Romeo»): 3.64 to 
4.^p.c.; Rother‘); 5,25 to5.9p.c.; Bruylants“): 2.86 to6.47p.c.; 
A. H, Bennett«): 4.3 to 5.2 p. c.; Chace ‘); 4.1 to 7.0 p. c. 

Determined according to Kleber’s method, which is pronounced 
the most reliable by several American chemists’'), the citral content 
of .pure lemon oils .varies between 3.5 and 5 p.c. and is mostly 
about 4 p.c."). Hence the citral content in different oils fluctuates 
by more than 70 p.c. For this reason the citral content admits of 
the detection of adulteration only then when this is considerable, 
Thus to an oil which originally contained 5 p.c. of citral 20 p.c. 
of non-aldehyde constituents might be added without detection 
by this means. Neverthele.ss, the citral assay is indispensable 
in the valuation of a lemon oil. 

Th^ Distii.lation Test is used principally for the detection 
of turpentine. In spite of the addition of turpentine oil, an 
adulterated oil of lemon may reveal a normal optical rotation 
provided the reduced rotation is compensated by the addition 
of orange oil. Such and adulteration may, however, be detected 
by the optical examination of special fractions of the oil. In 
the case of pure oils, the angle of rotation of the first 10 p.c. 
of distillate is but 5 to 6" lower than that of the original oil"’). 
For oils to which turpentine oil has been added the difference 
is greater. For this distillation test a Ladenbur^ fractionating 
flask with three bulbs (fig. 71, p. ,566 of vol. I) is used. From 
50 cc. of the oil to be examined exactly 5 cc. are distilled. A 
few drops of water pa.ss over first and render the distillate turbid. 

') Americ. )ourn. Pharm, 76 (l<X)4), 84. 

'), Chem._ Ztg. 2# (1905), 805; Chemi.st and Druggist 66 (1905), 682. 

■‘) Un nuovo melodo di determinazione qiiaiitilativa del citral. Messina 
1905; Report of Schimmel & Co- October 1905, 30. 

') Die Bestimmung der Aldehyde und Ketone /.nr Bewertung Stherischei 
Ole. Inaug. Dis.sert., Dresden 1907. 

“) Bull, de I'Acad. roy. de Belgique (Classe dessciences), N“3,1907,217. — 
Annal. de Pharm. 18 (1907), 321. 

") Analyst 84 (1909, 14; Report of Schimmel ft Co. April 1909, 110. 

5 )ourn. Americ. chem. Soc. 88 (1906), 1472. 

“) E. M. Chace U. S. Dep. of Agricult., Bureau of Chemi.stry, Bull. N"137 
(20. My, 1911), p. 64. 

") Comp. Report of Schimmel Co. April 1914, 58. 

'") In one instance Chace observed as high as 6.17 . 
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These can be removed by shaking with anhydrous sodium sulphate. 
After filtration the distillate is examined in a 50 mm. polariscope 
tube, the temperature having been ob.served accurately. The result 
is computed for 20" in accordance with the directions given in 
footnote 1 on p. 17 and deducted from the result obtained for 
the original oil likewise computed for 20"*).. 

In certain instances, more particularly when the amount ■ 
of available oil is but small, the modification of Soldaini and 
Herte ■) is preferable. This consists in distilling off one-half from 
25 cc. of oil. In the case of pure oils, the optical rotation of 
the 50 p.c. of distillate is higher than that of the original oil, 
likewise than that of the residue. In the case of adulteration 
with turpentine oil, that of the first half is invariably lower. 

This modification, however, is no better than the original 
Schimmel’s test which, in an emergency, can be conducted 
with 25 cc. of oil. For the detection of the addition of lemon 
oil terpenes both methods fail *). The suggestion made by 
H. E. Burgess') to distil under diminished pressure does not 
afford any particular advantages. 

Detection of I-'incne accoroino to Chace. Assuniing that 
pure turpentine oil is at most to contain but traces of pinene, 
E. M. Chace"’) has published a method which is to enable the 
detection of mere traces of turpentine oil. It is based on the 
observation that the nitrosochloride of pinene and limonene 
crystallize in different forms readily recognizable under the 
microiicope. Whereas the pinene derivative separates in laminje, 
the limonene derivative crystallizes in needles. Chace proceeds 
in the following manner: - 

From 50 cc. of oil contained in a Ladenburg fla^k, he 
fractionates 5 cc. From this, with the aid of ethyl nitrite, he 
prepares the nitrosochloride according to Wallach’s method. The 

') Report of Schimmel 6 Co. October IWMl, .TO. 

-) Ciazz. chim. ital. 2", It. (1897), 25. 

”) Comp, also Berte, Boll. Chim. Farm. May ItHti, No. 10; Report of 
Schimmel & Co. October 1904, 29. Chemist and Druggist 0# (1905), 713. 

*) Chemist and Druggist <» (1909), 946. 

*) loum. Americ. chem. Soc. JM) (ilOOiy, 1475; Report of Schimmel S Co. 
October 190.S, 64. — The occurrence of pinene in lemon oil. U. S. Department 
of Agriculture. Bureau of Chemistry, Circular No. 46. 30. October 1909. 
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reaction mixture is allowed to remain 15 minutes in the freezing 
mixture when the crystals are removed by means of a suction 
filter, and washed with 50 cc. of 95p.c. alcohol. The mother 
liquid is exposed another 15 to 20 minutes to the temperature 
of the freezing mixture. The second crop of crystals is united 
with the first. The*united crystals arc washed well with alcohol, 
dried and dissolved in the smallest possible amount of chloroform. 
Enough hot methyl alcohol is then added to result in crystalli¬ 
zation upon cooling. Finally somewhat more methyl alcohol 
is added and the crystals removed by filtration. For testing 
under the microscope, the crystals arc best mounted in olive 
oil. In this manner’Chace could detect an addition of 2 p.c. of 
turpentine oil whereas with the aid of a three-bulb Glinsky 
fractiori,ating column even 0.5 p.c. of added turpentine oil could 
be detected. Additions of 10 to 15 p.c. could be detected by 
preparing the nitrosochloride from the origin,il oil. 

Both ). C. Umney') and Parry '-) have protested against the 
usefulness and applicability of this method. Wileyhowever, 
justifies it by the claim that since its application by the Bureau 
of Chemistry of the U. S. Department of Agriculture not a single 
imported oil has had to be questioned. 

it is necessary, however, to follow the directions. In the 
case of the isolation of but small amounts of pinene nitroso- 
chloridc, the oil should be allowed to pass and questioned only 
then if larger amounts are obtained. 

PATANF'.S MtTHOI) tOK DETF.RMIMINti THU AMOUNT Ob Tftl; 
CONSTiruUNTS Soi.UW.r IN Dll UTb Al-COHOI . As is well known, 
lemon oil consists largely of terpenes and sesquiterpenes which 
are of but little value so far as the odor is concerned. Whereas 
these hydrocarbons arc ail but insoluble in 80 p.c. alcohol, the 
valuable odoriferous constituents are .soluble therein. Hence 
Cl. Patane^) regards the determination of the solubility as a 
valuable criterion in judging an oil and has based thereon a 

') Brit, and Colon. Driijjgi.st UH®, 447; Report of Schimmel & Co. 
April 1»1«. 06. 

’) Chemist and Druggist Vt (1909), 875. Americ. Perfumer 4 (1910), 214. 

') Chemist and Druggist <5 (I909f, 913. Americ. Perfumer 4 (1910), 226. 

') Per iin pit) razionah apprezzameiilii delle cssenze di Hmune. 
Acireale 1912. 
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method of examination. Indeed, he employs two methods. The 
one consists in shaking thoroughly equal volumes of oil and , 
alcohol of definite strength measured at exactly 20 ’ in a 10 cc. 

■ cylinder graduated into 0.1 cc. After the two layers have separated, 
the increase in the volume of the alcoholic solution is note(3. 
According to the other method, equal volumes of the oil and 
alcohol of definite strength are mixed in a test tube, and gently 
heated until solution has taken place. The solution is then allowed 
to cool, being constantly stirred with a thermometer, the scale 
of which is divided into tenths of degrees. As soon as the solution 
becomes turbid, the temperature is read off. Differences in 
temperature of one-tenth degree produce turbidity. All oils that 
reveal the same turbidity temperature show the same solubility 
according to the first method, hence a comparative scale between 
turbidity temperature and solubility can be prepared. In most 
instances it suffices to carry out the second test which is said to 
be rapidly executed and yet exact. 

The addition of lOp.c. of terpenes increases the turbidity 
temperature by more than one degree, that of 20 p.c. about two 
degrees, etc., with this difference, however, that with the increasing 
terpene content, the temperature intervals become smaller. In 
addition, the relation between citral content and solubility is said 

to admit of further conclusion as to the nature of the oil. 

« 

The alcohol used for this purpose must be standardized 
very carefully for the turbidity temperature varies with a difference 
in the strength of the alcohol of one-tenth of a degree. According . 
to Patane it is more expedient to use methyl alcohol in place 
of ethyl alcohol, since the oil is less soluble in the former. 
Inasmuch as the turbidity temperature in this instance lies.above 
room temperature it is not necessary to cool the solution arti¬ 
ficially as has to be done when ethyl alcohol of 93 to 94 p.c, 
strength is used. 

Both tests can also be applied advantageously to the oils of 
Mulge and mandarin which are much less soluble than lemon oil. ; 
^ ^^ In the determination of the solubility it is necessary to con-' 
ider the geographic source of the oil since differences in the • 
^il influence the composition o| the oil. 

In order to judge the usefulness of this method more detailed 
experiments are necessary. 
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ViscositV Determination. According to E. Dowzard') the 
,..os.osity of the volatile oils is said to be an important aid in 
the determination of the purity or quality of volatile oils. Inasmuch 
as it seemed highly desirable to increase the means of ascer-' 
taining the value of lemon oil, a number of viscosity determinations 
were carried out in the laboratory of Schimmel 8| Co. -) These 
are recorded in the accompanying table. The apparatus used 
was the same employed by Dowzard, viz. the viscosimeter of 
Reischauer. As unit of viscosity the time of flow of 25 cc. of 
water at 20" is indicated as 100. The viscosity number of the 
lemon oils tested is computed with the aid of the following formula. 

r x 100 

. 14 ' 

where O — the number of seconds required by the flow of 25 cc. 
of oil at 20 , and W the number of seconds required by the 
flow of 25 cc. of water at 20 . 

So far as lemon oil is concerned, the experiments of 
Schimmel Co. yielded no encouraging results. This is more 
particularly true of the addition of “citrenc”, for the values for 
“citrene” and lemon oil are too close to admit of tlie detection of 
this adulterant. Moreover, the difficulty of establishing standards 
is increased by the circumstance that different vi,scosimeters of 
the same make do not yield the same results,.hence are not 
comparable. Whereas Dowzard found the viscosity number for 
pure lemon oil to be 139.6, the values found by Schimmel § Co. 
varied between 109.8 and 122.9. For "citrene” Dowzard found 
105.8, Schimmel 8i Co. found 103.2. 

The cause for these differences is to be looked for in the 
fact that the orifices of viscosimeter of this type are different. 

It may be possible to secure better results with more exact 
instruments that guard against this error. E. Quercigh and 
D. Moreschini") regard the viscosimeter of 0. Scarpa as suited 
for the determination of the viscosity of volatile oils. Another 
advantage of this instrument lies in the fact that smaller amounts 
of oil (I to 5 cc.) suffice for the determination of exact results. 

') Chemist und Druggist 31 (IW), 168. 

•) Report of Schimmel £i Co. April 1901, 32. 

Rendiconti della Society chimic,i ital. fasc. .XIII. (1913); Report of 
Schimmel 5 Co. October 1918, 123. 
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The results obtained 
the following table: — 

by Schimmel 8( Co. are 

recorded in 

Origin of the oil: 

di.^- 

rtjjjyo 

Viscosity 
' at 20° 

Messina 1. 

. 0.8576 

T6r 10' 

■ (Water 100) 

120.0 

„ hand pressed . 

0.8572 

! 60°18' 

109.8 

t» H 11 • 

0.8594 

t 6r-'57' 

114.6 

„ machine pressed 

. 0.8574 

! 6r4' 

122.9 

„ hand pressed . 

0.8565 

i 6r27' 

111.3 

>• 11 11 

0.8568 

61 32' 

112.0 

11 11 11 

0.8583 

' 62" 10' 

111.3 

Palermo 1. 

0.8592 

i 60° 20' 

117.0 

II. 

0.8591 

; 59'12' 

121.0 

Messina 11. 

0.8568 

61' 28' 

113.6 

Citrene from lemon oil 

from Palermo .... 

0.8533 

-t-65 6' 

103.2 

„ Messina .... 

0.8514 

1 66-35' 

102.1 

(/-Limonene, crude . . . 

0.8528 

10135' 

100.9 

Limonene, pure .... 

0.8470 

117 40' 

100.2 

Citral. fresh. 

0.8932 

0 

201.4 

„ old. 

0.8967 

0 

207.8 


Detehmination of the Hydrocarbon Content of Con¬ 
centrated Lemon Oii.s according to E. Bocker'). This 
method consists in the removal, first of the citral by means of 
sodium sulphite, and then of the other aromatic substances by 
means of alcohol. The strength of the latter is chosen so that, 
with the observation of certain precautions, the hydrocarbons 
remain undissolvcd almost entirely. Bocker proceeds in the 
following manner; 

The citral content of 10 cc. of oil is first examined accord¬ 
ing to the sulphite method (see vol. 1, p. 584). If the volume 
of oil that does not enter into the reaction amounts to less 
than 6 cc. the assay is repeated with cither 5 or 10 cc. The 
non-aldehyde constituents of b6th assays arc united and 5 cc. 

') lourii. f. pr.ikt. Cliem. 11. S» (1914). 199. 
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fliereof transferred to a 600 to 700 cc. separating funnel into 
which 500 cc. of 51 p.c. alcohol (by volume), cooled to from 0 
to —2\ have previously been placed. The separating funnel 
is stoppered with a cork and the contents are shaken repeatedly 
tfius causing the aromatic constituents to go into solution whereas 
the hydrocarbons remain undissolved almost quantitatively. The 
inverted separating funnel (stopper downward) is then trans¬ 
ferred to a bath of 0 in which it is allowed to remain for 8 
to 10 hrs. After this time it is removed, carefully brought back 
to its normal position and suspended from a ring stand. After 
the alcoholic solution has become so clear that but a very faint 
turbidity remains, \thich may require up to' two days, all but 
about 10 cc. of the liquid are drawn off. Any oil drops adhering 
to the*separating funnel are washed down with ice-cold 50 p.c. 
(no doubt should read 51 p.c.) alcohol so that all dissolved oil 
is brought together. The separating funnel is again set aside 
until the alcohol has become wellnigh perfectly clear. After 
the last traces of alcohol have been separated so far as this 
is possible, the oil is transferred to a measuring cylinder, 
graduated into one-tenth cubic centimeters, the separating funnel 
being again rinsed with some ice-cold 51 p.c. alcohol. It is 
more practicable to use a separating funnel, the lower portion 
of which is drawn out to a narrow, calibrated tube. As soon, 
as the oil has become clear (in case foam persists a few drops 
of dilute acetic acid are added), its volume is read off and the 
percentage with reference to the original oil computed. 

If larger amounts of material are available, the quantitative 
determination can be supplemented by a qualitative examination 
of the^epar§ted hydrocarbons. For this purpose Bocker provides 
the following' directions: 100 to 200 cc. of oil are fractionated 
in vacuum. The distillation is continued only so far as the 
fractions of 10 cc. each reveal dextrorotation. These are 
united as the terpene-containing portion of the oil whereas the 
remainder constitutes the sesquiterpene-containing portion of 
the oil. Both of these portions are now deprived of citral by 
means of sodium sulphite. The residual oils are treated separately 
as described above, with 100 times their volume of ice-cold 
51 p.c. alcohol. If. desired glass bottles can be used in the 
place of the separating funnels, the alcohol being removed by 

CancMtlSTtH. THt VOUTILt OILS. III. 4 
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means of a siphon. The separated oils are measured and the 
terpene and sesquiterpene contents of the original oil computed. 
For further identification the optical rotation is ascertained and 
the characteristic derivatives are prepared. The terpene fraction, 
on the one hand, consisting principally of t/-limonene, is charac¬ 
terized by strong dextrorotation, and affords a good yield of 
limonene tetrabromide. The sesquiterpene fraction, consisting 
principally of bisabolene, is Isvogyratc and can be further 
characterized by the bisabolene trihydrochloride. 

Bocker has tested his method in connection with a number 
ol experimental mixtures and obtained good results. In connection 
with a terpene-frce lemon oil produced by nimself, he obtained 
51.5 p.c. of citral and 21 p.c. of hydrocarbons. In connection 
witli a terpene- and sesquiterpene-free oil, also produced by 
himself, he found 62 p.c. of citral and traces of hydrocarbons 
too small in amount to be measured. In terpene-free lemon oils 
he regards a 25 to 30 p.c. hydrocarbon content as normal. 

A comparison of the citral and hydrocarbon contents is 
said to enable the detection of the addition of Icmongrass citral 
to a concentrated oil. Tests made with two oils, to which 
20 p.c. of citral had been added, revealed that the exact amount 
of the addition could not be proven, but that only one-half 
thereof was indicated. Neverthele.ss, the minimum of adulteration 
can be recognized. 

For the purpo.sc of valuation, Bocker*) proceeds from the 
consideration that a lemon oil, freed entirely of its hydrocarbons, 
contains a maximum of 66 p.c. citral. This leads to the following 
table: - 


Hydrocarbon 

Hif;hest admis.MbIc 

Hydrocarbon 

Highest admiftsiblc 

content. 

citrai content. 

content 

citral content. 

Op.c. . 

. 66 p.c. 

30 p.c. . . 

46.2 p.c. 

5 „ . 

• 62.7 „ 

35 „ . . 

42.9 „ 

10 „ . 

■ 59.4 „ 

40 „ . . 

39.6 „ 

15 ., . 

. 56.1 „ 

45 „ . . 

36.3 „ 

20 „ . 

. 52.8 „ 

50 „ . , 

33 „ 

25 „ . 

• 49.5 „ 



Tliis table 

can be supplemented as desired. 

since for ev( 


1 p.c. of hydrocarbon 0.66 p.c. dtral should be deducted. Hence 


*) loiim. f. prakt. Chetn. II. »0 (1914), 393. 
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in passing judgment on an concentrated oil, the above table 
should be consulted to ascertain whether the hydrocarbon content 
agrees with the citral content. If the oil in question contains 
more citral than it should contain according to this table, this 
niay be regarded as adulteration with added citral. In order 
to ascertain the minimum amount of added citral, the maximum 
citral content corresponding to the hydrocarbon content, as 
shown in the table, is noted. This ainount of natural citral is 
deducted from the citral found by the sulphite assay. The 
difference stands for the minimum amount of citral added. 

The details of the computation can be explained better with 
the aid of data supplied by Bocker. Having ascertained the 
pre.scnce of 15 p.c. of hydrocarbon and 61 p.c. of citral, the 
above table reveals that the.se values do not correspond, since 
according to Fiockei the citral content of an oil containing 
15 p.c. of hydrocarbon should not exceed 56 p.c. Hence citral 
from another .source must have been added. Inasmuch as a 
normal with 56 p.c. citral should contain 100 - 56 - 44 p.c. 
of non-citral, and since the examined oil contains only 100 61 

39 p.c. of non-citral, the normal citral content of the latter is 
revealed by the lollowing equation; 44:56 = 39: .v; when .v 49.63. 
This number corresponds to the highest lemon oil citral content 
of an oil containing .19 p.c. of non-citral. Inasmuch, however, as 
61 p.c. have been found, an adulteration with at lea.st 61 — 49.63 
11.37 p.c. of foreign citral may be assumed. 

Whether this method is of general application to all con¬ 
centrated oils produced by different methods, can be a.sccrtained 
only by experiment. It is noteworthy that, according to the 
method of production, other constituents than the hydrocarbons 
may be removed from the original oil. This may result in an 
increased citral content of the concentrated oil. Hence, a high 
citral content may not invariably indicate adulteration. 

ADULTERAMTS. Twenty-five years ago, wheri the constants 
of pure lemon oil were not known and when the poiariscopc 
was not utilized in its examination, Trench and American 
turpentine oil') were the common adulterants, as revealed by 

• 

') More recently the strongly dextrogyrate Greek oil is being used for 
this purpose. E. |. Parry, Perfiiin. Record S (1911), 209. 
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the laboratory records of Schimmel § Co. This firm having 
proceeded against the addition of turpentine oil by means of 
the polariscope method, the adulterators took recourse to 
mixtures of turpentine oil with carvene, orange oil terpenes, or 
distilled lemon oil. Later, when the production of terpene-free 
lemon oil came into vogue, the citrene resulting as waste product, 
became the most favored and dangerous adulterant, for its detec¬ 
tion, like that of citral from lemon grass oil, is exceedingly 
difficult. Of adulterants that can be detected readily, the follo¬ 
wing have been observed; — cedarwood oil, stearin ‘), mineral 
oils-), alcohol-'), castor oil*) and finally mixtures of alcohol and 
glyceryl acetate'). 

418. Lemon Petitgrain Oil. 

As petitgrain citronnier an oil is designated which is 
distilled from the twigs, leaves and unripe fruits of the lemon 
tree’’), its odor resembles that of petit grain oil but the lemon¬ 
like aroma betrays the origin of the oil. d„.0.868 to 0.894; 

+ 14 to i 35 ; S.V. 14 to 46; aldehyde content 20 to 30 p.c. 
Its constituents are; camphene") (?), limonene (m. p. of tetra- 
bromide 104°)"), linalool") (?), citra! (m. p. of citryl-|;l-napthocin- 
chonic acid. m. p. 197°)’)“) and geranio! (oxidation to citral)*). 
The alcohols are present both free and as ester. 

419. OH of Sweet Orange. 

OltuiR Aurantll dulols. - Sjites PofflerantentcbalenSI, SiiBes Oraagensebalanol, 
ApfelsinenscbalenSI. — Esseace d’Orange Portugal. 

Origin and Production. The mother plant of the sweet orange 
is CitruS; Aurantium, L. (C. vulgaris, Risso), subsp’ec. sinensis 


') G. Boswigi, Chemist and Druggist 55 (1809), 710. 

■') Report of Schimmel Si Co. April lIHbs, 45. 

’) Parry, Chemist and Druggisltt (1909), 121. 

*) Report of Schimmel S| Co. April 15)13, 61. 

") Report of Schimmel Ei Co. October ISSMI, 62; April 1902, 79. — A. Hesse, 
Chem. Zeitschr. 2 (1903), 465. — |. C. Umney and C.T. Bennett, Pharmaceutical 
)oum. 75 (1905), 861. — Berichte von Roure-Bertrand Fils October 1904, 39. — 
E.). Parry, Perfum. Record 4 (1913), 280. 
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Oil or SWEET Oranoe. 

(Gall.) fC. Aurantium, var. dulce, L., also in part, C. Aarantiurh, 
Risso). Like lemon oil, this oil is obtained by expression, both 
in Sicily and Calabria. In recent years occasional samples have 
reached Europe from the West Indies'. Likewise, as with lemon, 
tfie attempt has been made in California to obtain a socalled 
“oleoresin” by means of extraction with volatile solvents. (Comp, 
under lemon oil, p. 14.) 

Properties. Oil of sweet orange is a yellow to yellowish- 
brown liquid with a characteristic odor of oranges and a mild 
aromatic, not bitter taste. d„,.,0.848 to 0.853; it,,.^,,.') + 95°30' 
to +98"; of the first lOp.c. of fractional distillate not lower, 
or at most but slightly lower, than the k,, of the original oil 
(Com[)^. under lemon oil, p. 43); n,,.,,,. 1.473 to 1.475; decyl alde¬ 
hyde cqntent as determined after a two hours reaction with 
phenylhydrazine, 1.3 to 2.7 p.c. As a rule the oil does not 
form a clear solution with 90 p.c. alcohol (soluble in 7 to 8 vol.) 
because of its waxy, non-volatile constituents, some of which 
separate from the oil after long standing. The oil begins to 
boil at 175'. Up to 180" nine-tenths of the oil distil over. 

The evaporation residue (See p. 68 under Bergamot oil) 
amounts to 1.5 to 4.2 p.c. A. V. of the residue 11 to 28; E. V. 
118 to 157. 

Rectified oil of orange is colorless. Its specific gravity is 
somewhat lower and its optical rotation somewhat higher than 
that of the original oil. The rectified oil has poor keeping 
qualities. It spoils rapidly, acquiring a stale, irritating odor. 

The following constants were observed in connection with 
several oils from jamaica''): ■ dj,,0.8481 to 0.8491; + 97''43' 

to -I 98°2'i ((„ of the first lOp.c. + 96''32' to +-97"30'; 

') Like that of lemon oil, the angle of rotation of orange oil changes 
with differences in temperature, being reduced with increasing temperature. 
Hence, in order to obtain comparable ijata, it is necessary to record the 
exact temperature at which the observation was made and to recompute the 
angle of rotation for 20”. For every degree in temperature between j 10 
and -f 20° the difference in the angle of rotation is 14.5 minutes, between 
+20 and i 30° it is 13.2 minutes. When recomputing for 20° it is necessary, 
therefore to deduct 14.5 minutes for every degree in temperature if the 
observation was made below 20° and* to add 13.2 minutes for every degree 
In temperature if the observation was made above 20' . 

*) Comp. p. 57. 
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1.46984 (1 determination); decylic aldehyde 2.3 to 3.8 p.c.; 
evaporation residue 1.4 to 2.0 p.c. 

An oil from Dominica') had the following constants: — 
d.„,0.8486; u,,,,,.+98''2\'; «„ of the first 10 p.c. + 97“40^’; 
evaporation residue 1.6 p.c., with S. V. 171.5. 

In connection with three samples of oleoresin of orange 
the following constants were observed: — d,,,,0.8535 to 0.8723; 

about 4 75 to 4 89' (an approximate determination only 
was possible because of the dark brown color of the preparation), 
«„ of the first 10 p.c. 1 90’54'to-| Ob"26', evaporation residue 
II to 14.7 p.c., A. V. of the residue 13.5, E. V. 107.0 to 112.0. 

Properties of the terpenes from orange oil: d, 5 ., 0.847 to 0.854 ; 
«„ i- 95 50' to +100" 18'; n,,.,,,. about 1.473; soluble in 8 to 9.5 vol. 
of 90 p.c. alcohol, with partial turbidity. 

Composition. As shown by Wallach'-), oil of orange consists 
to the extent of at least 90 p.c. of d-Z/mone/re (m. p. of dihydro¬ 
chloride 50'"); in. p. of tetrabromide 104 to 105"'-). Inasmuch as 
other hydrocarbons are entirely absent, the oil is well suited to 
the preparation of pure (Z-limonene. The absence of pinene is im¬ 
portant as a factor in determining adulteration with turpentine oil. 

Our knowledge of the oxygenated constituents we owe princi¬ 
pally to K. Stephan') who had 42 kg. of oil available for his 
investigation. • F4y means of fractional distillation he obtained 
530 g. of terpenefree constituents. With the aid of bisulphite 
he isolated an oil which had a uniform boiling point of 93 to 94' 
(12 mm.) and which was identified as n-decyiic aldehyde by 
elementary analysis, oxidation to /;-caprinic acid and by its 
naphthocinchoninic acid melting at 237". Other aldehydes were 
not present. It is true that in 1891 f. W. Semmler'’)* found 
citral in oil of orange. However, it may be assumed that the 
oil examined by him was adulterated with lemon oil, since his 

') txaniined H'e laboratory of Schitnmel lii Co. 

•) LiebiB's Annalen 227 (1884), 284. Comp, also Vblckel, ibidem 89 (I84t), 
120 and C. R. A. Wright and H. Piesse, Chem. Mews 24 (1871), 147; Chem. 
Zentralbl. 1871, 740. 

“) t. Soubeiran and H. Capitaine, Liebig’s Annalen 34 (1840), 319. 

*) )ourn. (. prakt. Chem. II. «2 (l4tX)), 523. - Report of Schimmel 6 Co. 
October 1900, 28. 

'•) Berl. Berichte 24 (1841), 202. 
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investigation dates back to a time when it was impossible to 
determine the purity of orange oil by analytical means. Neither 
is it likely that citronellal is a constituent of unadulterated oil 
of orange. This H. Flatau and ). Labbc') claim to have found, 
w'ithout, however, supplying any analytical proof. 

in the terpene-frce oil deprived of its aldehyde content, 
Stephan found the following alcohols; A-linalool (oxidation to 
citral; rearrangement, by means of formic acid, to /-terpineol 
melting at 35 to 36 ); n-nonylic alcohol (nonylic aldehyde: m. p. 
of nonylic acid 15 ) and rf-terpiiieol (m. p. 38 to 40'’; m. p. of 
terpineol nitrolpiperididc 154 to 155 ’; in. p. of terpinyl phenyl 
urethane III to 112"). 

The occurrence of linalool (b. p. 199 to 200 ; oxidation to 
citral)*had previously been demonstrated by E. |. Parry'-). The 
socalled niyristicol (C||,H|„0), boiling between 212 to 218 , found 
by Wright '), possibly consisted principally of terpineol. 

Part of the alcohols exists in the oil in the form of esters 
combined with /7-caprylic acid (m. p. 15 ; b. p. 236 to 237"; 
analysis of the silver salt')). 

The fluorescence which is shown more distinctly by the oil 
freed of its terpenes, was attributed by Parry''') to anthraniUc 
3cid methyl ester. Schiinmcl ii| Co.’’) succeeded in proving the 
oresence of this ester. 

The composition of the non-volatile residue of oil of orange 
las not been revealed sufficiently. It is rather difficultly soluble 
n alcohol. If boiled with alcohol to remove admixtures, the 
nsoluble portion melts at 67 to 68' and shows a S. V. of 65. 
From the saponification liquid a solid acid was separated which 
nelteij at 77^to 78 and the barium salt of which, upon analysis, 
Jave values corresponding approximately with cerotinic acid. 
From the same saponification liquid, ether extracted 
in oil which solidified and which, upon re-crystallization melted 
It 138 . The elementary analysis of this substance yielded results 

') Bull. Soc. chim. III. t» (18<)8), 361. 

■') Chemist and Druggist 5B (1900), 462 u. 722. 

») Chem. News 27 (1873), 82; Chem. Zentralbl. ts78, 260. - Berl. Be- 
•ichte « (1873), 148. • 

*) Stephan, toe. cit. 

“) Report of Schimmel 8i Co. April BHK), 21. 
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corresponding fairly with C^H^gOj. Dissolved in chloroform it. 
yielded the Liebermann cholesterol reaction*). 

Examination. The physical constants of orange oil vaiy 
within narrow limits. On account of its low specific gravity 
and exceedingly high angle of rotation, it is an easy matter to 
detect without doubt the addition of foreign substances. There 
appears to be no adulterant that does not affect one of these 
two properties. 

For the detection of turpentine oil the lowest boiling fraction 
of the oil is fractionated repeatedly with the aid of a dephleg- 
mator. Boiling point and optical rotation reveal the presence 
of pinene. If this is not sufficient, the pinene is converted into 
its nitrosochloride and this into either the nitrolbenzylamine or 
nitrolpiperidine base. 

The decylic aldehyde content can readily be determined by 
means of phenylhydrazine. The method to be employed is the 
same as that used for the citral assay in lemon oil (Comp. p. 41) 
with this difference that the mixture of orange oil and phenyl¬ 
hydrazine solution should be allowed to stand for 2 hours. 
Decylic aldehyde reacts slower than does citral so that complete 
reaction is not assumed within less time. With mixtures of 
decylic aldehyde of known content, Schimmel 6j Co. have 
obtained very^ satisfactory results in this manner. Poorer 
results are, in turn, obtained by prolonging the reaction time 
beyond the two hours. According to observations made thus 
for, the decylic aldehyde content of oil of orange varies 
between 1.3 and 2.7 p.c. 

420. Oil of Bitter Orange. 

Oleum Aurantl amurl. — BItterea Pomeranzenachalenjil. — 

Eaaenoe d’Oraage Blgarade. 

Origin. Compared with sweet orange oil, that Of the bitter 
orange. Citrus Aurantium, L., subspec. atnara, L. .(C. Bigaradia, 
Risso), plays but an unimportant role. Like the former it is 
produced in Sicily and southern Calabria in the same manner. 

Properties. The principal difference between the bitter and 
sweet orange oil lies in the bitter taste of the former and in 

') fieri, fierichte IK (1885), 1804. 
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the lower angle of rotation. d,j, 0.852 to 0.857, usually 0.854 
to 0.856; + 89 to + 94° (rarely -i- 88°); a^, of the first 10 p.c. 

higher than the a„ of the original oil; n,,,,,. 1.473 to 1.475. The 
decylic aldehyde content about I p.c. (after interaction for 
2 hours with phenylhydrazine). Soluble in 7 to 8 vol. of 90 p.c. 
alcohol, the rotation being turbid. The evaporation residue varies 
between 3 and 5 p.c. As to the A. Y- and E. V. of this residue 
sufficient observations are not available, but these do not appear 
to differ from those determined for the sweet oil. 


Constants of oils of special origin. 

« a) expre.ssed oils. 


Geographical origin 

d,. 


«o 

of the first iOp.i. 

cvaporatitfti 

residue 

SpainJ). 

0.855 

1-95" 55' 

- 


South America') . . 

0.8542 

-95‘56' 

4-96" 44' 

4.0 p.c. 

)amaica*) . . . . 

0.8517 

t96‘20' 

: 96 40' 

2.6 p.c. 

„ ") .... 

0.8521 

i-96"58' 

' 95'53' 

3.2 p.c. 

„ ') .... 

0.8537 

f 4257' 

t 92 20’ 

3 p.c. 

„ ■) .... 

0.8527 

1 96 2' 

+ 95 50' 

3 p.c. 

Amani')") . . . . 

b) distilled oils. 

0.8481 i 97 38' 



West Indies*) 

from mature oranges 

0.8482 

i 91'24' 

,, 


„ immature „ 

0.8485 

1-94'30' 

- 


t> 11 H 

0.8490 

1 90'22' 



„ whole „ 

0.8481 

;-97"30' 


— 

„ orange peels 

0.8500 

4-89'4' 

- 


Seychelles'*) 

front immature fruits 

0.856 

4-85 33' 

-- 


„ mature „ 

0.862 

f 84 32' 


— 


Composition. Mo work on the composition of bitter orange 
oil has yet been published. On account of the great similarity 


‘) Observation made in the laboratory of Schimmel S Co. 

•) Report of Schimmel 6 Co. October 1009, 66. 

’) Yield 1.+ p.c. of the peels. Comp. Der Pflanzer 2 (1906), 176; Report 
of Schimmel S Co. April 1907, 52. , 

• • *) Report of Schimmel S Co. April 1910' 68. 

‘) Ibidem October 1908, 65. 
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of the two oils, its composition may be assumed to be very, 
much like that of the sweet oil. The substance which imparts 
the bitter taste to the oil presumably is to be sought for in 
the evaporation residue. 

421. Oil of Bergamot. 

Oleum Bergamottae. " BergamottHI. Essence de Bergamote. 

Origin and Production. The bergamot tree, C/frus Aurantium, 
L. (C. vulgaris, Risso) subspec. Bergamia (Risso et Poiteau) 
Wight ct Arn. (C. Bergamia, Risso) is cultivated exclusively in 
Calabria, the fruit being used for oil production only. In Sicily 
the tree does not prosper. Its geographic distribution is indicated 
on the accompanying chart (p. 6). • 

On account of the regular spherical shape of the bbrgamot 
fruit it would .seem to lend itself for the mechanical production 
of the oil. Hence, suggestions for apparatus for this purpose 
have not been wanting'). For some time the macchina (fig. 10), 
a primitive apparatus run by hand, has been used. 

The wooden frame A supports a wooden wheel b, which 
revolves on its horizontal axis, and on the inner-side of which 
36 wooden plugs are inserted. These clutch a driving-gear 
which turns on its vertical axis 3. When the wheel 6 is turned 
by hand, this" driving-gear rotates three times as fast. The 
axis 3 can be raised or lowered in its supports. The lower 
portion of the revolving mechanism is supplied with a disc 4 
mounted on a zinc cylinder. A similar disc, 5, is mounted in 
the lower box of the macchina. The disc 5 is perforated so 
that the exuding oil may flow into a vessel placed underneath. 

The macchina is operated in the following manner.' First 
of all the two discs arc separated by pressing down the two- 
armed lever /, which turns on its pivots 9 and 10, and is secured 
by means of the bar 2. The fruits arc then introduced between 
the two discs, the lower one of which is stationaty. The bar 2 
is then removed so that the entire weight of the driving gear 
rests on the fruits. When the drive wheel 6 is turned, the fruits 

‘I Compare by way of illustration W. A. D. Allport and T. |. W. C. Daven¬ 
port, Roseau, Dominica, B. W. 1. U. S. Pat. 1002020, Aug. 29, Idl 1. |oum. Soc. 
• chem. lnd.:W (1911), 1138. 
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between the discs acquire a rotary motion. The discs, being 
provided with either points or knives (see below), rupture the 


Fig. 10. Macchina for the production of bergamot oil, 

oil cells, the contents of which .empty into the container placed 
underneath the lower disc. The drive wheel 6 is turned until 
a bell rings which is operated by the wheel 8. This occurs 
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•to 

after the wheel 6 has been revolved '36 times and the driving 
gear and upper disc 108 times. 

Two kinds of discs are employed. The one consists of flat 
zinc plates provided with pyramidal points, the lower of the two 
plates having four narrow openings near the margin for the 
removal of the oil (fig. 11). The other kind consists of somewhat 



Fig. 12. 


hemispherical plates of zinc, the inner surface of which are 
provided with brass knife blades inserted at a certain angle. 
The lower of these has a number of openings (fig. 12). 

In Calabria lemons are also expressed with the aid of this 
machine. However, the oil thus obtained is invariably green 
(see Properties on p. 20) and is not saleable as such. It is said 
to be used exclusively for the adulteration of bergamot oil. 
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Properties. Oil of bergamot is a brownish-yellow or honey- 
colored liquid, but frequently green because of a copper content'). 
It has a bitter taste and a very pleasant odor. d„. 0.881 to 0.886, 
in very rare instances 0.888; ((„-f-8 to +22“, in certain oils, 
however, optical rotations as low as 4- 5 ’ 24' and as high as 
+ 24’ have been observed-); n,,,,,.1.464 to 1.468; A. V. I to 3.5*). 

The linalyl acetate content, which determines the value of 
the oil, is as a rule 34 to 40 p.c., rarely 45 p.c. At the beginning 
of the season, when fruits not quite ripe are used, oils are 
occasionally obtained with a lower ester content (down to 30 p.c.). 
With the increasing maturity of the fruit the ester content in¬ 
creases'). 

Of 90 p.c. alcohol 1 vol. is requisite to effect solution. When 
more alcohol is added, the solution remains clear in most instances 
and but rarely produces slight turbidity. Some oils dissolve in 
1 to 2 vol. of 80 p.c. alcohol, but as a rule the solution becomes 
turbid upon the addition of more solvent"’). 

The evaporation residue (for method see under Examination 
on p. 68) as a rule amounts to from 4.5 to 6 p.c., but occasionally 
is as low as 4 p.c. A. V. of the evaporation residue 19 to 30; 
E. V. (after first decoloration! See under Examination on p. 74) 
117 to 173. 

It may be of interest to add that two bergatpot oils, which 
had been obtained from Ischia and from the vicinity of Palermo, 
hence from districts in which this oil had not previously been 
produced, revealed no differences in their properties from the 
normal standards. 

The oil from the island of Ischia*) was brownish-green in 
color, Jiad a.strong characteristic odor and revealed the following 

') Bericht von Schimmel & Co. April ISWt, 16. 

•) Report of Schimmel 6 Co. April 11*10, 59. 

■') Ibidem April lOOS, 40. 

*) According to A. Borntrager (Zeitschr. f. anal. Chem. !V> [1896], 35; 
Chem. Zentralbl. 1800, I. 314) the evaporation residue yields saponification 
values corresponding to 2 p.c. of linalyl acetate. To be exact this number 
should be deducted from the percentage of ester found upon saponification 
of the oil. However, no cognisance is taken of this fact for it would complicate 
the method unnecessarily. ' 

*) Report of Schimmel ft Co. April IWOO, .50, footnote 1. 

“) Ibidem April 1908, 40. 
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constants:—d„, 0.8828; < 1 ^,+ 13'; A.V. 1.8; E.V.96,4, correspond¬ 
ing to 33.7 p.c. of linalyl acetate; evaporation residue 5.2 p.c.; 
soluble in 0.3 vol. and more of 90 p.c. alcohol. 

The examination of the oil from Palermo revealed the following 
constants'): d,., 0.8829; ((„ -I- 15''20'; A.V. 1.5; E. V. 100.7 cor¬ 
responding to 35.2 p.c. of linalyl acetate; evaporation residue 
5.8 p.c.; soluble in 0.5 vol. and more of 90 p.c. alcohol, with 
80 p.c. alcohol a clear solution could not be obtained. 

Rectified bergamot oil is colorless and has a lower specific 
gravity (0.865 to 0.875) also a somewhat higher angle of rotation 
than the original oil. As a rule the rectified oil is inferior, since the 
steam distillation causes the partial decomposition of the esters. 

Oils expressed from immature fruits that have fallen from 
the trees or that have been blown down by storm are admixed 
at times with the normal oil. Such oils have been examined by 
Cl. H. Ogston and Moore '). Their specific gravity varied between 
0.8789 and 0.8833; their r,, between ) 7 and + 18.6 and their 
ester content between 26.7 and 33.5 p.c. 

Nero di hergrimotlo, i. c. essence of black bergamot are 
terms which, according to Ogston and Moore'-), are applied to 
an oil obtained from the rinds of an immature hybrid fruit. 
According to Bcrte and Romeo '), however, the term is applied 
to an oil exp^-essed from unripe fallen fruits (Bergamoltella). 
It is occasionally used as adulterant of bergamot oil. It is dark 
in color, has a rather high specific gravity (0.890 to 0.898) and 
a low ester content (20 to 35 p.c.). 

From the residues of separation (fecciv di berga/notto) '), 
and filtration, also from the expressed rinds, an oil is occasionally 
obtained by distillation. This is also added to the noripal beegamot 
oil. It is colorless or yellowish; d,,,. about 0.865; Uj, (determined 
for one sample) +24 39'; ester content 3 to 6 p.c. 

Composition. As early as 1840 E. Soubeiran and H. Capitaine') 
pointed to the presence of more than one terpenc. In 1884 

') Report of Schimmel £i Co. April 1010, 58. 

*) Chemist and Druggist 00 (1002), 154. 

’) n. Berte and G. Romeo, Aimali del laboratorio chimico della camera 
di commercio ed aril della provincia'di Messina, Messina 1008; Report of 
Schimmel Si Co. April 1009, 50. 

') Liebig's Annalen :t> (1840), 313. 
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0. Wallach') showed that fraction 175 to 180 contains Umonene 
(rf-limonene). Fraction 180 to 190 added bromine but did not 
yield a crystalline bromide. When heating this fraction to a 
higher temperature, high-boiling condensation products resulted, 
and refractionation yielded a fraction up to 190" which formed 
dipentene tetrabromide melting at 124 to 12.5 . This mode of 
procedure does not reveal whether the dipentene was contained 
in the original oil or was formed by heating the fraction 180 
to 190" unquestionably containing some linalool. Neither can 
the observation of F, W. Semmler and F. Tiemann ■'), who found 
that the fraction boiling 17 higher than the limonene fraction 
yielded dipentene teTrabromidc, be regarded as a proof of the 
occurrence of dipentene in bergamot oil. 

Our knowledge ol the important odoriferous constituents of 
bergamot oil we owe to well-nigh simultaneous publications by 
Semmler and Tiemann -) on the one hand and by |. IJertram and 
H. Walbaum '') on the other hand. These revealed that the principal 
bearer of the odor of beigamot oil is the acetic ester (analysis 
of the Ag-salt) ’•) of Ulinalool (oxidation to citral) ‘), namely to 
\-linalyl acetate. 

Likewise ot some importance in this connection is the free 
/-linalool, possibly also small amounts of other substances not 
yet isolated. 

According to F. Elze'), three other alcohols are contained 
in bergamot oil. He exarninid a fraction which, on a factoiy 
scale, was obtained to the extent of 25 p.c. in the production 
of terpene-frcc bergamot oil. After saponification, distillation 
with water vapor, and fractionation, it yielded an oil with the 
followipg prpperties: d,, 0.890; u —10' (in a 100 mm. tube). 
Treated with phthalic acid anhydride, a small amount of an oil 
was obtained which proved to be dihydrocuminic alcohol (m. p. 
of naphthyl urethane 146 to 147 ) and which upon oxidation 
with Beckmann’s chromic acid mixture yielded an aldehyde 
boiling at 235" that had a cumin-like odor. Regenerated from 
its semicarbazone (m.p. 198 to 199“) d,,., was 0.970 and <(„ 39 . 

') Liebig’s Annalen 227 (1884), 290. 

») Bert. Berichle 25 (1892), 1182. • 

") )ourn. f. prakt. Chem. II. 45 (1892), 602. 

*) Chem. Ztg. :M (1910), ,538. 
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The bulk of the alcohol mixture, however, consisted of ri^l 
(dj,. 0.880) which was further characterized by its tetrabromide, 
melting at 118’’, and its diphenyl urethane, melting at 50”. 

in that portion which did not react with phthalic acid an¬ 
hydride, Elze proved the presence of the terpineol melting at 
35 (m. p. of the phenylurethane 110 °). This observation is very 
important since it has been found recently that bergamot oil is 
occassionally adulterated with terpinyl acetate*). Hence it is a’ 
mooted question at present whether terpineol is a normal con¬ 
stituent or not. 

Quite odorless is the bergaptene which occurs in the oil to 
the extent of 5 p.c. A series of contributions has been published 
on this subject**). According to Pomeranz*'), bergaptene, C,„H„0<, 
consists of fine, white needles ^ith a silky lustre. They "are 
tasteless and at ordinary temperature odorless. However, when 
heated they develop vapors with an aromatic odor and melt at 
188”. Bergaptene is the monomethyl ether of a dihydroxycumarin 
derivable from phloroglucinol. When treated with methyl iodide 
and alcoholic potassium hydroxide, methylbergaptenic acid and 
its methyl ester result. Hence bergaptene is the inner anhydride 
of bergaptenic acid. H. Thoms and E. Baetcke^ assign to it 
the following formula: — 

OCH 3 

Hc/NcH:CH 
CH O - ^^ .Q • CO 

It is isomeric with xanthotoxin (comp. vol. II, p. 632). 

Several other constituents have been found in a bergamot oil 
by H. E. Burgess and T. H. Page '). Although these‘investigators 

*) Report of Schimmel & Co. April 1910, eo. 

- C.Ohme, ibidem »1 

(1839), 320. - Franke, Dissertation. Erlangen 1880. - R. Godeffroy, Zeitschr. 
d. allgem. osterr. Apoth.-Ver. 19 (1881), 1; Chem. Zentralbl. 1881, 372, - 
^A. Tilden and C. R. Beck, journ. chem. Soc. 57 (1890), 323; Chem. Zentralbl. 
1^’ II OT ” '' 30; Chem. Zentralbl. 

“) Monatsh. f. Chem. 12 (1891), S79 and 14 (1893), 28. 

*) BcrI. Berichte 46 (1912), 3705. 

') lourn. chem. Soc. 85 (1904), 1327, 
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contend that the oil examined by them was pure, this does not 
follow from the constants recorded (w/, d,,, 0.885; l«]„ + 8’; 
n„j|,-1.4648; ester content not mentioned). Hence the examination 
will have to be repeated with material of unquestioned purity, 
bdfore octylene, pinene, camphenc and bisabolene can be 
regarded as constituents of bergamot oil. In the lowest 
fractions .icetic acid (analysis of Ba-salt) was found. It was 
scarcely necessary to prove the presence of free acetic acid, 
since it is a well-known fact that the acids, which in the 
volatile oils are combined with alcohols, also occur in the free 
state to a slight extent. Moreover, Burgess and Page did not 
prove the presence df free acetic acid in bergamot oil, for they 
accumulated it by means of fractionation of the oil, a process 
by which the acid is formed from the linalyl acetate, as they 
themselves surmise. 

fraction 150 to 155 revealed a very low specific gravity 
and a low refractive index. Hence they infer the presence of 
an olefinic hydrocarbon, octylene. This inference Burgess and 
Page endeavor to sub.stantiate by pointing out that the odor of 
this fraction reminds of the octylene found by the same authors 
in lemon oil, also by demonstrating that upon oxidation with 
potassium permanganate butyric acid (identified only by its odor) 
results. 

Lajvogyrate ([«)„ -8.3) u-pinene and la;vogyrate ([«J„ 
— 22.8’) camphene were identified in fractions 157 to 158 and 
164 to 165 respectively. The former was characterized by its 
hydrochloride (m. p 125 ), the latter by its conversion into 
/soborneol (m. p. 203’). The higher boiling fraction of the 
bergainot oil contained hisabohne (limene) C.^H,, (m. p. of 
hydrochloride 79’). 

The formation of the individual constituents and the changes 
which they undergo in the plant have been subjected to an 
investigation by E. Charabot'). For this purpose two oils were 
examined; one had been prepared from fully developed but 
green fruit, the other from ripe fruits picked from the same 
trees. The results are herewith tabulated: -- 


*) Compt. rend. ia» (1899), 728. 
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Oil Rom 

Oil-from 


immature fruits. 

mature fruits. 

du . 

. 0.882 

0.883 

"i. . 

. 4-14°38' 

+ 20°30' 

Free acids. 

. 0.289 p.c. 

0.283 p.c. 

(computed as acetic acid) 
Linalyl acetate. 

. 33.8 p.c. 

37.3 p.c. 

Free linalooH). 

. 13.9 p.c. 

5.9 p.c. 

Total linalool. 

. 40.5 p.c. 

35.5 p.c. 


From the above data it becomes apparent that the ester 
content has increased during the ripening ,of the fruit, whereas 
the amounts of free and total linalool have both decreased. 
This observation agrees with practical experiences, for the 
producers of bergamot oil have known that the oil from ripe 
fruits is better and richer in ester than the oil obtained early 
in the campaign from not fully matured material. 

In order to ascertain the terpene content of both oils, they 
were saponified and then fractionated with the following results: 

160 ccm. of the oil from the immature fruits: — 

93ccm. b. p. 177 to 183'; ((,, + 34'10'; d 0.887 
36 . 183 „ 200'; ((„+ 2'14'; d - 

160 ccm. of the oil from the mature fruits: — 

105 ccm. b. p. 177 to 183'; ((,, + 34' d 0.885 
30 „ „ 183 „ 200'; ((„+ 4' d - 

Hence the terpene content of the bergamot oil increased 
with the ripening of the fruit, but the ratio between limonene 
and dipentene”) remained the same, as was demonstrated by 
other experiments. From these data Charabot draws the following 
conclusions: — Linalool results in the fruit previous to the ester. 

‘) That an approximate assay of linalool in the oil diluted with xylene 
can be made was not known at the time. The amount of free linalool was 
obtained by difference of the ester content of the original oil and the acetylated 
oil. Ina.smuch as the conditions of the assays are the same throughout, the 
results are comparable. 

') As already stated it has not yet been proven positively that dipentene. 
occurs in oil of bergamot. 
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During the process of ripening a part of the linalool is converted 
into linalylacetate by means of the free dcetic acid, another 
part is dehydrated to terpenes. 

Although there appears no reason for questioning the 
correctness of this proof, it would be desirable, nevertheless, 
to ascertain by repetition of the experiment whether the data 
have general bearing or not. 

Examination. Formerly it was not a difficult matter to 
ascertain the purity of bergamot oil, for the adulterants used 
greatly altered the physical constants. Inasmuch as the specific 
gravity of the oil fluctuates within the narrow limits of 0.881 
and 0.886, the addition of turpentine oil'), lemon oil, orange oil 
and of distilled bergamot oil produced a lowering of the density, 
that of fatty oils, cedarwood oil or gurjun halsam oil an increase 
in density. Some of these adulterants also alter the angle of 
rotation ( + 8 to -‘-20°) of the pure oil. 

Nevertheless, in spite of the normal rotation, an oil might 
be adulterated provided the normal limits were not interfered 
with by the proper selection of adulterants such as turpentine 
oil with lemon oil or orange oil. In order to detect such 
adulteration R. Romeo and G. Moricca -) fractionate 30 ccm. 
of bergamot oil into fractions of 5 ccm. and determine the 
angle of rotation of the first two fractions. In the case of 
pure oils, the rotation of the first fraction is greater than 
that of the second; in the case of adulteration, the revense 
holds true. 

The determination of the solubility in 90 p.c. alcohol affords 
but little guaranty of purity, for it enables the detection of gross 
adultcFation ’only. As already pointed out, only some of the pure 
bergamot oils are soluble in 80 p.c. alcohol. If a given oil form 
a clear solution with this solvent, it may be regarded as free 
from fatty oils, turpentine oil and orange oil. If it does not 
form a elear solution, this may be due to an adulterant, such 


') It is probable that pinene is not a normal constituent of bergamot 
oil (see under Composition). The detection of pinene is, therefore, to be 
regarded as a proof of the presence of turpentine oil. 

*) Su/J’ aimlisi della essenza di hergamolto. Messina 1905; Report of 
Schitnmel 5 Co. October IWft, 26. 
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as fatty oil, or to larger amounts of bergaptene or waxy 
constituents. 

Determination of the Evaporation Residue. The proof 
of the presence of fatty oils or of difficultly volatile adulterants 
is brought by weighing the residue left upon evaporation at 100". 
In the case of normal oils this amounts to from 4.5 to 6p,c. 

In order to carry out this test about 5 g. of oil are weighed 
accurately to the centigram in a tared glass, porcelain, or, better 
still, a metal dish, which is heated on a water bath until of 
constant weight and until the residue has lost every trace of 
odor of bergamot oil. This requires from 4 to 5 hrs. After 
cooling, the dish with residue is again weighed. If the residue 
amounts to more than 6 p.c. of the oil used, an inadmissible 
addition may be regarded as established. In the casc' of oils 
adulterated with turpentine oil, oil of orange, or distilled bergamot 
oil, the residue may be appreciably less than 4.5 or even less 
than 4 p.c. (comp. p. 61). 

The esters which come into consideration as adulterants 
may best be considered in two groups: 

Esters with readily volatile acids (terpinyl acetate and 
glyceryl acetate) and esters with difficultly volatile acids 
(esters of succinic, oxalic, tartaric, and citric acids). 

Detection of Terpinyl Acetate. In a series of experiments 
made by Schimmel 8) Co.') it has been demonstrated that pure 
linalyl acetate is nearly fully saponified with ” alcoholic potassium 
hydroxide when heated for ' i hour on a water bath, whereas 
pure terpinyl acetate is only partly saponified in this time. Hence 
the ester value will increase upon prolonged saponification. 

These results have been collected in the following table: — 


Duration of saponification: 

5 mm. 

15 mm. 

.30 mm. 

45 mm. 

Ihi. 

2 hrs. 

i.iiulyi acetate Schimmel tSf Co. . 

F.. V. 101.5 

217.5 

ati.i 

223.7 

33S.1 

224.7 

Terpinyl acetate . 

. ’ 100.2 

160.8 


' 233.4 

iibS 

1 2027 

Hergamot oil 

80.3 

04.5 

97.8 

97.5 

97.0 

I 98.5 

-I •> p c. terpinyl acetate 

, „ 82.5 

04.8 

101.3 

102.1 

104.7 

1 107.2 

J-10 p.v. , 

. 70.0 

Ob.4 

lOi.8 

ia5.2 ' 

100.8 

1 112.5 

/) p.c. 

, 78.8 

100 6 

100.1 

1104 

119.0 

; 120.8 


') Report of Schimmel 6 Co. October 11)10, 60. 
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Still greater are the differences when one operates with 
dilute solutions for the shorter saponification period and with 
a large excess of alkali for the longer period. After numerous 
experiments Schimmel Si Co.') have prepared the following 
cfirections for this fractional saponification method: 

Four separate experiments are made. About 2 ccm. of oil 
are accurately weighed in each case, dissolved in about 5 ccm. 
of alcohol and a few drops of alcoholic phenolphthalein solution 
(1:100) added. The acid value is first determined with 'i' 
potassium hydroxide. To each of two of the flasks 10 ccm. of 
^ potassium hydroxide are added and the contents heated on 
the water bath for an hour in order to effect saponification in 
the well known manner. The contents of the third flask arc 
boiled with 20 ccm. of the alkali for two hours and that of 
the fourth flask diluted with 25 ccm. neutral 96 p. c. alcohol 
and saponified for one hour with 10 ccm. of the standard 
alkali. For oils with a high percentage ester content 30 and 
15 ccm. respectively of the standard alkali arc used, and in 
the case of artificial esters as much as 40 and 20 ccm. 
respectively for the third and fourth flasks. At the close 
of the boiling, the flasks are quickly and unitormly cooled 
by placing them in cold water and the contents are titrated 
immediately. ' i 

In the case of bergamot and lavender oils the difference 
in the ester values, obtained by boiling lor two hours and with 
the dilute solution for one hour, amounted to 3 or at most 4, 
whereas the ester values for the two normal determinations 
represented the approximate mean of these extremes. If terpinyl 
acetate be added, this difference increases. Moreover, the ester 
value obtained for the two-hour saponification increases in the 
ratio in which the terpinyl acetate is added, whereas that 
obtained for the oil diluted with alcohol increases but little. 
The ester values of the two normal saponifications invariably 
are in the mean. In the following table the data have been 
compiled that have been found for a pure bergamot oil and 
also for the same oil to which terpinyl acetate had been added 
in the proportions indicated. • 


') Report of Schimmel & Co. October Ufll, lib. 
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Semlnormul potassium hydroxide; 

10 ccm. 

20 ccm. 

Duration of saponification; 

I hr. 

2 hrs. 

Bergamot oil, pure. 

99.7 

100.5 

2 p.c. terpinyl acetate 

102.1 

104.5 

■ 4 „ 

103.3 

108.1 

6 „ 

105.7 

112.2 

: 8 „ 

107.0 

114.4 

i 10 „ 

108.6 

118.1 

i 15 „ 

113.4 

126.7 

i 20 „ 

118.0 

135.6' 


. 10 ccm. 
23ccm.afc, 

1 hr. 

■1 Difference 
,1 between 

I columns 
12 and 3. 

97.4 

1 3.1 ■ 

98.1 

6.4 

98.1 

10.0 

98.6 

13.6 

98.4 

16.0 

99.1 

19,0 ■ 

101.0 

25.7 

101.3 

34.3 


Hence an addition of 10 p.c. terpinyl acetate produces 
a difference of 19 in the ester values. (In the case of' normal 
saponification for one-half and one hour duration respectively, 
the difference is but 5.5; comp, the table on p. 73.) Inasmuch 
as the addition of but 2 p. c. of ester produces a difference 
of 6.4, the presence of even small amounts of adulteration can 
possibly be detected in this manner. 

Detection of Glycerin Acetate. The detection of glycerin 
acetate, the use of which as adulterant was first pointed out by 
P. jcancard and C. Satie') and later by Heine Si Co.-), depends 
on the relatively ready solubility of these esters in water. If a 
bergamot oil adulterated with these esters is shaken in a suitable 
manner with water, a certain percentage of these esters goes 
into solution. By means of subsequent saponification of this 
aqueous solution with potassium hydroxide the approximate ester 
content of the solution can be computed from the amount of 
alkali consumed. 

According to Schimmel S Co.") the determination is carried 
out in the following manner: 10 ccm. bergamot oil contained in 
a separating funnel are thoroughly shaken with 20 ccm. of 5 p.c. 
alcohol. After separation of the liquids, 10 ccm. of the filtered 
aqueous layer are neutralized with alkali and then saponified 
with 5 ccm. of ^ potassium hydroxide for I hour on a water 


*) Bull. Soc. chim. IV.» (1908), 153. 

') Seifensleder Ztg. 37 (1910), 750. 

") Report of Schimmel 81 Co. October IVIO, 61 and April 1911, 151. 
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bath. For the saponification of these !0 ccm., pure bergamot oft 
required 

0.08 ccm. semi-normal potassium hydroxide = 2.2 mg. KOH consumed 
After the addition of 

I p.c. glycerin triacetate 0.58 ccm, ~ 10.2 „ „ were consumed 

2','= 1.43 „ 40.0 „ „ 

5 .. „ 2.79 „ -.78.0 „ , „ 

I g. glycerin monoacetate ^ 1.46 g. linalyl acetate 

I „ „ diacetate 2.23 „ „ „ 

1 „ „ triacetate -- 2.70 „ „ „ 

Hence the addition of 1 p.c. of glycerin acetate increases 
the consumption of'alkali by about 15 mg. 

Detection of Esters the Acids of which are difficultly 
VOLATI1.E WITH Water Vapor. The method of determination 
worked out by Schimmel Co.') is based on the exceedingly 
slight volatility with water vapor of the acids contained in these 
esters. Experiments with pure bergamot oil have shown that 
the natural acids, which have united with the alkali during the 
process of saponification can be distilled off almost entirely with 
water vapor after the addition of sulphuric acid. Hence the 
saponification of a pure bergamot oil requires but little more 
alkali than is required for the neutralization of the acids distilled 
over. For the purpose of this determination both.acid and ester 
values of from 1.5 to 2 g. of oil are determined in the usual 
manner. After the addition of a few drops of ^ potassium 
hydroxide solution, the contents of the saponification flask are 
evaporated to dryness. The residue is dissolved in about 5 ccm. 
of water, and the solution acidulated with 2 ccm. of dilute 
sulphuric acid. By means of the apparatus illustrated in fig. 13, 
steam is generated in flask a, passed through b and the condensed 
distillate collected in c. The distillation is conducted in such 
a manner that the contents of the saponification flask b are 
kept at about 10 ccm. by means of a small flame and that 
250 ccm. of distillate are collected within half an hour. Sub¬ 
sequently another 100 ccm. are driven over. After the addition 
of a few drops of phenolphthalein solution the distillate is 
titrated with ” potassium hydroxide, or, for the sake of greater 

') Report of Schimmel 81 Co. October IVIO, 6t. 
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accuracy, with JJ alkali until the red color of the indicator 
becomes permanent. The first 250 ccm. contain practically all 
of the volatile acid, since the following 100 ccm. always require 
but 0.1 to 0.2 ccm. of ” alkali. From the amount of alkali 
consumed by the total distillate the acid value // for ttie 
amount of oil taken is calculated. The difference between the 
saponification value of .several pure oils and the acid value 11 



Fig. 13. 


thus determined varied from 5 to 10') (See Nos. I to 8 of the 
accompanying table). Hence oils with a greater difference should 
be regarded as either questionable or adulterated. 

The differences in the acid values of the pure esters 
(Nos. 9 to 11 of the accompanying table) vary from 596.4 to 
745.8. Hence the addition of the.se esters to bergamot oil must 

') Report of Schimmel 5 Co., April IWII, 150. 
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correspondingly increase the differences between both values 
of oil thus adulterated (Nos. 12 to 20). 

As shown by Nos. 21 and 22, adulteration with glycerin 
triacetate or terpinyl acetate cannot be detected by the 
distillation of the acids, since in these instances the differences 
lie within the limits for normal oils. 




A. V. 

E. V. 

S.V. 

A.V. II 





of the oil 


of the oil 

Dili. 

Mo. 1 

Bergamot oil. 

I.h 

88.7 

90.3 

84.3 

^.0 

_2 

„ . . 

1.6 

90.2 , 

91.8 

86.6 

5.2 

.. 3 

II .... 

2.0 

101,1 

103.1 

97.0 

0.1 


• 

2.3 

112.3 

114.6 

107.7 

0.9 

„ 

II ... 

2.4 

100.0 

102.4 

95.7 

h.7 


• . . ... 

2.3 

9(1.1 

98.4 

91.8 


.. 7 

• tt ... 

2.1 

98.3 

100.4 

9.5.1 

5..3 

,. 8 

„ . 

2.0 

98.2 

100.2 

90.8 

9,4 

.. « 

Succinic acid diethyl c.ster 



638.4 

7.3 

031.1 

.. 10 

Citric acid triethyl e.ster . . 

0.8 

602.6 

603.4 

7,0 

.59().4 

.. 11 

Oxalic acid diethyl ester . . 



7.53.0 

7.2 

745.8 


Bergamot oil after the addition of: 





.. 12 

1 p.c. Succinic acid diethyl ester 

2.1 

103.5 

105.6 

94.1 

11.5 

.. 13 

7 _ 

7.J 

109.9 

112.0 

9.3.1 

18.9 

.. 14 

.3. 

2.1 

116.2 

118.3 

92.8 

2.5.5 

., 15 

4. 

2.1 

121.7 

12,3.8 

91.8 

;J2.0 

., 16 

. 

2.1 

127.6 

129.7. 

91.5 

:)8.2 

.. 17 

1 ., Citric acid triethyl ester 

2.1 

103.4 

105.5 

94.1 

11.4 

„ 18 

7 ____ 

2.1 

109.1 

111.2 

92.8 

18.4 

., 10 

1 „ Oxalic acid diethyl ester 

-- 


106.6 

94.7 

11.9 

., 20 

2. 



113.3 

92,5 

20.8 

,. 21 

2 „ Cilycerin triacetate 

2.1 

111.2 

11.3.3 

108.7 

4.6 

22 

4 „ Terpinyl acetate . . . 

2.4 

103.2 

10,5.P 

100.0 

Tj.t) 


UETiiCTiON Of Citric Acid Esters. If the residue of an oil 
is found too high, adulteration with fatty oil is no longer the 
only explanation, for in recent years citric acid triethyl ester 
(tricthyl citrate')) must likewise be considered. The latter is a 
particularly serious adulteration since the addition of but small 
amounts materially increases the apparent ester content of the oil. 


') 0. Wiegand and K. Riibhe, Ver/HlSc/iiing von BvrgamottiUmi! Otrimnii- 
s^iireester. Zeitschr. f. angew. Chem. 23 (1910), 1018. - Report of Schimmcl 
6 Co. October t»l(», 59. 













74 


Family: Rutace*. 


If a given oil is suspicious because of its high evaporation 
residue, this is transferred quantitatively ^o a saponification flask 
with the aid of alcohol and saponified in the usual manner 
with ” potassium hydroxide. The excess of alkali is titrated 
back with ^ sulphuric acid, phenolphthalein being used as 
indicator. The f/rst decoloration of the indicator is taken to 
indicate the end of the reaction, for subsequent reappearances 
of the red color may be due to the liberation of alkali by 
transformation of bergaptenic acid into bergaptene. The 
reappearance of the red color can be avoided in part by not 
diluting the saponification liquid with water previous to the back 
titration. 

The saponification value of the evaporation residue of pure 
bergamot oils lies between 136 and 200. The addition, of I p.c. 
triethyl citrate increases the saponification value of the evaporation 
residue by 47.7. If one considers that 1 g. of triethyl citrate 
requires as much alkali for saponification as 2.13g. linalyl acetate, 
it becomes apparent that e. g. 2 p.c. of added citric acid ester 
will increase the apparent linalyl acetate content of the oil by 
4.3 p.c., /. e. by an amount which under certain circumstances 
may suffice seemingly to bring an oil poor in ester up to the 
normal standard. 

Noteworthy is the behavior of oils thus adulterated during 
saponification. Whereas pure bergamot oils yield clear solutions 
with alcoholic potassium hydroxide, those adulterated with citric 
acid ester are rendered turbid more particularly at the beginning 
of the saponification because of the formation of potassium 
citrate which is difficultly soluble in alcohol. 

In order to prove the presence of citric acid, as such, the 
calcium test may be applied. 2 g. of oil or the evaporation 
residue of 5 g. of oil are saponified with alcoholic potassium 
hydroxide, the solution diluted with water, neutralized with 
hydrogen chloride, the alcohol evaporated from, a water bath, 
the solution shaken out with ether and then filtered. The filtered 
solution is rendered slightly alkaline with sodium hydroxide, 
a few drops of concentrated calcium chloride solution are added 
and the mixture heated. The presence of citric acid is indicated 
by the formation of a precipitate, which, however, may require 
some time to form. 
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More decided is the reaction according to G. Deniges*), 
whereby the citric acid is converted into acetone dicarboxylic 
acid, which, in turn, yields a difficultly soluble mercury double 
salt. For this purpose 10 ccm. of the above solution are 
thoroughly shaken with 1 to 1.5 g. of lead superoxide, 2 ccm. 
of mercuric sulphate solution-) are added and the mixture filtered. 
5 ccm. of the filtrate are heated to boiling and to this as much 
2 p. c. potassium permanganate solution is added drop by drop 
until the solution is no longer decolorized immediately. In the 
presence of citric acid the addition of the first drop results in 
the formation of a flocculent, white or light yellow precipitate. 

This reaction is much more delicate than the calcium test. 
With some practice it is even possible to approximate the citric 
acid estc.r content of the oil to be examined by comparing the 
results with those obtained from oils of known citric ester 
content. Great care should, however, be exercised with the 
addition of the potassium permanganate, for otherwise manganese 
peroxide may be precipitated, which may be mistaken for the 
precipitate described above (double salt of mercury and acetone 
dicarboxylic acid). 

When six samples of bergamot oil, guaranteed pure, where 
tested by Schimmel ^ Co.), according to Deniges’ method, two 
of these revealed traces of citric acid. This small, amount may 
have been introduced from the pulp rich in citric acid during 
the process of expression. As a matter of fact the traces were 
so slight that they need not be taken into consideration in 
practice. If, howevei, but 1 p.c. of triethyl citrate be added to 
such an oil, Deniges' test yields a precipitate ten times as 
volumisous. Moreover, the evaporation residue of these authentic 
oils revealed low saponification values; if the latter exceed 200, 
the oil may be regarded as suspicious. 

Method of Procedure for the Determinatiom of All of 
THE Esters, la order that none of the above-mentioned esters 
may be overlooked in the course of the examination, it is 

‘I Bull. Soc. ph. de Bordeaux ls»S, 33. — Compt. rend. I2S (1899), 680; 
Pharm. Zentralh. 8» (1898), 396. 

*) To be prepared from 5 g. mercuric oxide, 20 ccm. cone, sulphuric 
acid and 100 ccm. water. 

-) Report of Schimmel & Co. October 1910, 63. 
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expedient to proceed in the following manner; For the saponi¬ 
fication four experiments are carried out as directed on p. 69. 
If the difference of the saponification values obtained by fractional 
saponification does not exceed 4, an adulteration with terpinyl 
acetate has not been practiced. If the difference be greater, 
the extent of the addition of terpinyl acetate can be approximated 
by reference to the table on p. 70. In addition the saponification 
value II is to be determined for one of the one-hour saponifi¬ 
cation experiments by means of distillation with water vapor. 
This S. V. II is to be compared with the regular saponification 
value (A.V. I E.V.!). If the difference is greater than 10, 
adulteration with esters of non-volatile acids may be assumed. 
Provided sufficient material is available, it ought not to be 
difficult to identify the acid in question. The test for glyceryl 
acetate is carried out as described on p. 70. 

The procedure here described is of general applicability for 
the examination of oils with the mentioned adulterants. Thus 
it may be applied to lavender oil and petitgrain oil which are 
likewise judged in accordance with their ester content. 

422. Bergamot Leaf Oil. 

According to S. Gulli’) the distillation of herganiol leaves 
is conducted on a restricted scale. It is practiced between 
February and April when the trees are cleaned and trimmed. 
The yield is small (100 kg. of leaves yield but 150 g. oil) and 
the entire output for a year is said not to exceed 20 to 25 kg. 
The pure oil has a specific gravity of about 0.870 to 0.873, an 
optical rotation of i 25 to i 26'. It is soluble in an equal 
volume of 90 p.c. alcohol. It contains about 32 to 34 p.c. of 
esters, computed as linalyl acetate, some of which, however, is 
methyl anihranilate. 

The oil is rarely met with in a pure condition. Frequently 
the bergamot leaves arc distilled with the addition of turpentine 
oil. Still more frequently the young plants of the bitter orange 
tree are admixed. Rind oils also are used freely as adulterants. 
However, the oil is not only adulterated itself, but it in turn is 
used for the adulteration of petitgrain oil and orange flower oil, 
both bitter and sweet. • 

') Chemist and Druggist BO (ld02), 9d5. 
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423. Citron Oil. 

Ctdro- or Cedratol. - Eiaenci de Cddral. Essenza di Cedro. 

Easenza di Cedrino. 

• Origin. According to S. Gulli') the following citron varieties 
are cultivated in Calabria and Sicily: 

1. Citrus iiH'cliat. var. yulffaris, Kisso, known in Calabria and 
in Sicily as Cedro-, 2. Citrus medial, var. giboair/>;i or citre.i, 
Ris.so, designated Cedrino-, and ii. Citrus mediai, var. rhef^iiui, 
Pasqualc, known by the name Cedrone. 

However, in commerce these three varieties are not com¬ 
monly differentiated. • As a rule these fruits arc not used for 
the production of volatile oil but. pickled in brine, they are 
exported, the one that is most sought being the one designated 
cedrone. ' Citron oil is produced by expression from the first 
two varieties, and then usually on request only at the time of 
harvesting the fruit in Sicily and in Reggio-Calabria. It is rarely 
found in a pure condition .since the manufacturers add to it 
minor or larger amounts of lemon or orange oils or the oil of 
the “siis.se (sw'cct) Limone”-). 

The oil of the third variety, known as cedrone, docs not 
appear to be known. 

Properties. Although the oils from the fruits known as cedri 
and cedrini are not kept separate in commerce, nevertheless 
they possess distinctive properties. 

1. On. OF CF-ORO OR CEOR.M. d,,. 0.8706“) and 0.871'); 

67 “) and -67’8''). 

2. Oil of cedrino. d,.,.0.850 to 0.8.54; (<„ t 77 to 81'; n„..„. 
(one determination) 1.47519'’). 

’) Chemist and Druggist (SO (1902), 19. 

5 For an oil prepared from the “siisse Limone" Schimmel (j| Co. 
(Report of Schimmel £i Co. April IMKt, 09) ascertained the following constants; 
d,s-0.8579; «o.;, , 64 15’; no.,,, 1.47568. It smells of citral. According to 
E. Bonavia, The cultivated oranges and lemons of India and Ceylon, London 
1883, p. 67, the parent plant of the "sweet lemon" is Citrus Lamia, Ris.so. 

“) S. Oulli, Chemist and Druggist (It) (1902), 19. 

') Report of Schimmel S Co. October 1N»«, .LL 

*) S. Gull!. Chemist and Druggist 02 (1903). 22, - Report of Schimmel 
a Co. April Itmtf, 33 to 35. 
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Composition. An oil of cedro or cedrat has been examined 
by Schtmmel § Co.'). Upon distillation the bulk of the oil passed 
over between 177 and 220°. The presence of citra! was demon¬ 
strated by boiling with an alcoholic solution of ,V-naphthyiamine 
and pyruvic acid, yellow crystalline laminee of citryl-,?-naphtho- 
cinchoninic acid melting at 197 to 200° resulting. 

H. E. Burgess-) has examined an oil which he regards as 
cedro oil, but which Gulli") proved to be a cedrino oil. The 
bulk of the oil consisted of terpenes; according to Burgess 
mostly limonene with some dipentene (derivatives not mentioned). 
That portion of the oil which passes over between 64 and 85 
under a pressure of 10 mm. contains citral. With cyanacetic 
acid it yielded citralidene cyanacetic acid. Determined according 
to the bisulphite method the citral content averaged 6 p.c., 
according to the hydroxylamine method 5.7 p.c. 

In the bottle of the examined oil a deposit had been formed. 
By solution in chloroform a crystalline compound wa.s 

isolated that melted at 145° and probably is identical with 
citroptene (comp., however, formula on p. 29). 

424. Oil of Limes. 

Oleum Limetiae. — Oil of Llmette (Hand pressed Oil of Limette, Lime oil. 
Eouelled Essence of Limes and Distilled Oil of Limes or Limette, Distilled Lime 
Oiif. — Westindisches Limettiil. — Essence de Limette. 

Origin and Production. The oil known in commerce as oil 
of limes is produced in the West Indies from the fruits of Citrus 
medica, L., var. acida, Brandis. The lime tree is cultivated in 
the West Indies, more particularly in the islands of Mont¬ 
serrat*), Dominica')’)"), Jamaica, Trinidad'), Antigua"), Martinique, 

') Report of Schimmel 8i Co. October 1SS5, 13. 

n Analyst 2(1 (1901), 2b0; Chem. Zentralbl. liHIl, II. 1226. 

“) S. Gulli, Chemist and Druggist 02 (1903), 22. — Report of Schimme) 
6 Co. April 11)03, 33 to 35. 

') Pharmaceutical )ourn. S2 (1909), 19. 

") H. A. Tempany St N. Greenhalgh, West Indian Buli. 12 (1912), 498: 
Report of Schimmel St Co. April 1913, 72. 

“) Report of Schimmel St Co. October 1904, 54. 

') E. M. Holmes, Essence of Limes from Trinidad. Pharmaceutical 
lourn. III. 14 (1884), 1005. 

*) H. A. Tempany ft T. jackson, West Indian Bull. 12 (1912), 504. 
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St. Lucia*) and Barbadoes. The common C. medics, var. acids, 
Brandis has very spiny branches. Some years ago H. Green 
introduced a less spiny variety which produces a smaller but 
more juicy fruit*). Whether the oils of the two varieties differ 
has not yet been ascertained. 

The limes are exported in part as such. Oil is produced 
from the,se principally in Montserrat and Dominica. In Mont¬ 
serrat the Ecuelle a piquet is said to be used, an instrument 
formerly employed in Nice in the production of agrumen oils. 
It consists of a hemisphere provided with erect brass needles 
and at the bottom with a tube. The fruits scratched by the 
needles emit their of! which collects in the tube and thence is 
transferred from time to time to a container. In Dominica 
a machine is said to have proven .succc.ssful '). It was invented 
by W. A*. D. Allport and T. 1. W. C. Davenport*) and its con¬ 
struction is indicated in the journ. Soc. Chem. Ind. :{(» (1011), 
1138. The distilled oil described below is inferior and is 
obtained by distillation of the fruit rinds, also as a byproduct 
in the evaporation of lime juice used for the production of 
citric acid. 

Statistical data are available only for Dominica*') whereabout 
2000 hectares (abt. 5000 acres) arc planted with limette trees. 
During the la.st 30 years the limette industry has rapidly developed 
in this island. The first plantings date from the year 1850. In 
1910, there were exported 5761 gals, of distilled and 1018 gals, 
of expressed oil representing the respective values of .y 16823.00 
and s 11767.00. For the year 1911 the exports amounted to 
5472 gals, of distilled and 892 gals, of expressed oil representing 
the vajues of .y 15989.00 and S 10317.00 respectively. 

‘) Chemist and Druggist (I4l3», 261. Comp, also Report of Schimmel 
’6 Co. April 1914, 68. (Huca/yptim panicutata is cultivated as a protection to 
the lime plantations.) 

loum. d'Agriculture tropicale H (idCB), 283.-0. A. |ones,West Indian 
Bull. IS (1912), 507. 

■’) Daily Consular and Trade Reports, Washington; Report of Schimmel 
S Co. April 1918, 72. 

*) U.S. Pat. 10020a), , 

■') Daily Consular and Trade Reports, Washington. Report of .Schimmel 
S Co. April 1913, 7.3. 
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Expressed West Indian Oil of Lime. 

Properties. It is of a golden yellow color. Aside from the 
greater intensity of the odor, it can scarcely be distinguished 
from a good lemon oil. d,., 0.878 to 0.901, usually between 0.880 
and 0.884; k,, • 32 to 38 ; so far as the few observations admit 
of any conclusions, the first 10 p.c. of the distillate (comp, 
under Lemon Oil, p. 43) deviate .slightly higher or at most but 
4 lower than the original oil. n,,.,,,. 1.482 to 1.486; evaporation 
residue 10 to 18 p.c. S. V. of the residue 160 to 181. With 4 to 
10 vol. of 90 p.c. alcohol the oil forms a turbid solution showing 
a slight bluish fluorescence and separating waxy constituents. 
The citral content determined by the phenylhydrazine method 
was 6.5 to 9 p.c. According to the method of Burgess (see Vol. I, 
p. .584), Tempany and Greenhaigh') found but 2.2 to, 6.6 p.c. 

The principal constituent of the expres.sed limette oil is 
oV/.i/. The terpencs do not appear to have been investigated. 
In the high boiling fractions methyl anthranilate-) may be 
contained. In addition the presence of hisabnienc has been 
demonstrated'). As is the case with other expressed oils, 
a sediment is formed on standing, f'rom it a crystalline 
substance C,,H,„0| melting at 147.5 has been isolated. It 
was named limettin by W. A.Tilden^) but E. Schmidt’') has proven 
it to be identical with citroptene (sec p. 29 for formula). 

UisTiu.ED West Indian Limette Oil. 

Properties. Very different from the expressed oil is the oil 
which is obtained as a byproduct during the evaporation of the 
juice and which enters commerce as "oil of limes”. Its odor is 
unpleasant, turpentiny and no longer reminds of citral. Presumably 
this aldehyde is completely destroyed when the acid liquid is 
boiled. d|,v 0.860 to 0.870; u,,-: 33 to 47 ’; n^^,,. 1.4702 to 1.4707. 
In connection with 3 samples Tempany and Greenhaigh") found 

') p. 78, footnote 5. 

•’) Tempany and Greenhaigh, loc. cit. 

H. E. Burgess and T. H. Page, lourn. chem. Soc. sr> (1904), 414, 
h Ibidem til (1892), 344. ~ W. A. Tilden fi H. Burrows, Proceed, chem. 
Soc, i; (1901), 216. « 

') Arch, der Pharm. 242 (1904), 288. 

") /-/«■. cit. and ibidem 1329. 
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1.2 to 2.0 p.c. of citral when assayed according to the sulphite 
method. However, this citral content may be but apparent 
since citral as such was not proven present in the oil. 

Compotition. According to Uurgess and Page') distilled 
limettc oil contains in the middle range of fractions \-u-terpiiieol 
(m. p. 35 ; m. p. of nitrosochloride 105 to 106 : m. p. of nitrol- 
anilid 150 to 151 ; m. p. of phenylurethane 111'; in. p, of keto- 
lactonc 62 ; m. p. of oxime of ketolactone 77') and a second 
alcohol which boils at a slightly lower temperature, the phenyl 
urethane of which crystallizes in needles and melts at 132 . 
In the high boiling fraction bisahok'tit' (liniene) was found (m. p. 
of trihydrochloride 79 to 80 ')). 

. 425. Oil of Limette Leaves. 

An oil obtained from the Imperial Institute in London was 
examined by Schimmel 8j Co.-) It had been distilled in Dominica 
from linictk’ /eaves /torn Citrus mcdica, L., var, acida, Hrandis. 
It was light yellow in color and its odor resembled slightly that 
of the oil expressed from the fruit rinds, but was more Icmon- 
grass-like. d^ 0.8783; <(„ i 37°30'; A.V. 3.6; E.V. 23.0; soluble 
inO.jvol. of 90 p.c. alcohol, but upon the addition of more than 
4 vol. of solvent the solution became opalescent. Presumably 
the 43 p. c. of the oil which reacted with bisul[5hitc consisted 
exclusively of citral. A more careful analysis was impossible 
because of the small amount of oil available. 

A sample of limette leaf oil received by the Imperial Insti¬ 
tute') in London from Montserrat showed the following pro¬ 
perties: d,,.,.0.8772; : 38'}7': S.V. 27.6; .soluble in 90 p.c. 

alcohol, the*diluted solution (l;9) showing opalescence. 43 p.c. 
of the oil reacted with bisulphite solution. 

According to F. Watts') the oil of the leaves of Citrus 
IJmetta contains an inactive terpene which boils at 176 to 177° 
and which yields a crystalline hydrochloride melting at 49 to 50’, 
hence is dipentene. A ketone boiling between 220 and 230° 

') Lik. cit. and ibidem 1329. 

•’I Report of Schimmel 6 Co. October 1»10, 79. 

’) Bull. Imp. Inst. II (1913), 436. 

') lourn. chem. Soc. 49 (1886), 316; Chem. Zentralbl. IH8#, 407, 837. 

CiLbcotriirLH, Till voi «iLt Hits III 6 
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yielded pelargonic acid when oxidized with chromic acid in 
acetic acid solution, and for this reason was regarded as 
methyl nony! ketone. 


426 . Italian Limette Oil'). 

Origin and Production. The fruits of the South European 
limette, Citrus IJmettn. Risso-) (Citrus l.imetta vulgaris, Lima 
(lu/as, luma di Spagna doke, I.imettier ordinaire) differs from 
Ihe West Indian by their sweet juice. 

In Calabria the limette tree is known as Arancio or Limon- 
cello dt Spagna, its fruits as Aranci or iimi di Spagna. 
f ormerly the limette trees were cultivated in large numbers 
for the bergamot was grafted upon them. Inasmuch, however, 
as their roots are frequently attacked by the socalled gum 
disease, the bergamot is now grafted upon the more resistent 
bitter orange tree. The fruit of the Italian limette tree resembles 
the lemon but is more spherical, also the strongly developed 
nipple is broader and depressed. The oil can be obtained by 
expression but is no article of commerce. However, it has been 
prepared occasionally. 

Properties. The oil obtained by expression of the fruit rind 
IS brownish-yellow in color, has a strong odor reminding of 
bergamot, and upon standing deposits a solid in considerable 
amount, d,,, 0.872; <(„-i 58" 19'; S. V. 75. 

Composition. Italian limette oil is similar in composition 
to bergamot oil, but contains more limonene and less linalyl 
acetic. The limonene in question is the dextrogyrate modification 
(<'i, + 81 45 ; d,,.0.848) and yields a dihydrochloride ') ijielting 
at 50‘, also a tetrabromidc melting at 105". The oil examined 
by Gildemeister contained 26.3 p.c. of linalyl acetate (b.p. 101 to 
103" under 13 mm. pres.sure; d.,,, 0.898; «j,_9"52'). After 


') E. Liildemeister, Ohei LimettOt. Arch, der Pharm. 233 (1895), 175. 

") Risso et Poiteau, Histoire er culture des Orangem. II. Edition par 
M. A. Du lireuil. Paris 1872. 

■) The same hydrochloride had already been obtained by S. de Luca 
(Coinpt. rend. .>1 [1860], 258) from a tevpene boiling at 180" which was reported 
as having been obtained from Citrus Lumia but which in all probability had 
been obtained from Italian limette oil. Comp. Gildemeister tuc dt 
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saponification with alkali, acetic acid was found in the mother 
liquid. From the saponified oil Minalool (b. p. 88.3 to 89.5 
under 13 mm. pressure; 3,.^0.870; |((|„--20 7') was fractionated 
and upon oxidation') yielded citral. The limilool is present 
partly as free alcohol, partly as ester. 

427. Limette Flower Oil. 

E.). Harry-) reports on the investigation of a limette flower 
oil obtained from Messina. Presumably the oil was one obtained 
from the flowers of Citrus l.imettn, Risso. Its color was greenish- 
yellow and it revealed,tlie following constants: d 0.870; n,, 2r’30'. 
When shaken with dilute hydrochloric acid a body was extracted 
from (,he oil which yielded, on super.saturation of the acid liquid 
with alkali, a fluorescent solution when shaken with ether. After 
evaporation of the solvent an oil remained which had a decided 
odor of orange flowers. It w'as saponified and the alkaline 
solution acidified, whereupon .tn acid melting at 135 separated. 
Hence Parry coneludes the presenee of anthranilic aeid methyl 
ester. (Pure anthranilic acid melts at 144 to 145 .) 

From the oil stiaken with liydrochloric acid a fraction boiling 
between 19:5 and 200 was obtained. It had the specific gravity 
0.874 and appeared to be linalool. 

• 

428. Oil of Mandarins. 

Oleum Mandarinae. Oil oFTangerlnea. Maadarinendl. Essence de Mandarines. 

Origin. The rind of the mandarin, the well-known fruit of 
Citrus madurensis, Lour. (C. nohilis, Lour.)") contains a very 
agreeable volatile oil whieh, like the other oils of the agrumen fruits, 
is obtained try expression. 1000 fruits yield about 400 g. of oil.') 

Properties. Oil of mandarin is a golden-yellow liquid with 
a slight bluish fluorescence which becomes more prominent 

') To which •.substance the liinettic acid CiilLO,, obtained by H. Vohl 
(.Arch, dcr Pharm. 124 (ISfcTI, lb; Pharm. Zentralbl. ISoft, 318) owes its origin 
is uncertain. 

') Chemist and Druggist (IdOO), ‘Wd. 

‘I According to some authorities C. madurensis, Lour, is synonymous 
with C. nobilis. Lour., according to others it is not. 

h C. IJertb ft 8.011111, Suit’ anatisi delta essema dr mandarino. .Messina 
1905; Report of Schimmel fj Co. October liKX), 31. 

b* 
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when the oil is diluted with alcohol. The odor is agreeably 
refreshing, dj,.0.854 to 0.859; «„ • 65 to 75°; o„ of the first 
(Op.c. of distillate (comp, under Oil of Lemon, p. 43) slightly 
lower or but 2 p.c. higher than that of the original oil. According 
to E. Herte and G. Romeo') the (f„ of the first 50 p.c. should 
average 3° higher than the original oil; n,,.,,,. 1.475 to 1.478; 
A. V. up to 1.7; E. V. 5 to 11; E. V. after acetylation 12.5 
(1 determination); evaporation residue 2.4 to 3.5 p.c.; soluble 
in 7 to 10 vol. of 00 p.c. alcohol with more or less turbidity. 

A Spanish oil from the province of Valencia, which had 
been cxpre.ssed from the immature fruits, had an olive-green 
color and an agreeable odor, but less delicate than that of the oil 
from ripe fruits. Its physical constants also revealed deviations; 
d|„,0.8665; n,,,,,. 1.47900; A.V. 0.2; E.V. 17.3; evaporation residue 
8 p.c. On account of the dark color, the angle, of rotation of 
the original oil could not be observed. The first 10 p.c. of the 
distillate showed i 55°12'. In 90 p.c. alcohol the oil was not 
completely soluble, but it formed a clear solution with 0.5 vol. 
and more of 95 p.c. alcohol-). 

Two mandarin oils'') distilled in Porto Alegre, Brazil, revealed 
the following properties: d,.,. 0.8515 and 0.8510; c,, ' 74'16'atl7’ 
and -t-74’20' at 16 . Both oils were characterized by a beautiful 
blue fluore.scence. 

Compoiition. The larger part of mandarin oil consists of 
d-limonene. When brominated in glacial acetic acid solution, 
fraction 175 to 177° («,, 76° 45') yielded a tetrabromide') melting 
at 104 to 105 . With hydrogen chloride the same fraction yielded 
dipentene dihydrochloride melting at 49°'’). 

If the residual oil, left above 177 ’, is treated with bisulphite 
solution, an addition product results from which alkali separates 
an oil which upon condensation with pyruvic acid and ,;l-naph- 
thylamine, yields a naphthocinchoninic acid the melting point of 
which is not constant. At 197’this substance seftens but does 

') Annuli del Inboralurio chimico della camera di coinmerclo ed art! della 
provincia di Messina. Messina 1*508; Report of Schimmel & Co. April HHW, 51. 

•) Report of Schimmel ^ Co. October 1011, 4b. 

Ibidem April IWkI, 62. 

') E. Gildeineister 5 K. Stephan, Arch, der Pharin. SSTi (1897), 583. 

■') S. de Luca, Compt. rend. 45 (18.57), 904. 
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not melt until 222‘. Which aldehydes correspond to this compound 
IS not known. 

The principal constituent of the oil to which is due the 
characteristic odor as well as the fluorescence, is the niethvf 
anthraniHc acicf methyl ester, a substance found bv H. Wjil- 
baum') in 1900. 

From 5 kg. of mandarin oil 36 g. of a base were obtained 
by shaking with the sulphuric acid, the bulk of which distilled 
bctw|een 130 and 131 (13 mm.). Its specific gravity was 1.120 
at 15'. In the cold it congealed and melted at 18.5 to 19.5 
This compound forms salts and double salts and its odor is 
similar to that of afithranilic acid methyl ester. When heated 
with hydroiodic acid it decomposes with the formation of methyl 
iodide. _ Alcoholic potassium hydroxide saponifies the ester 
and from the salt solution acetic acid precipitates the methyl 
anthranilic acid. 

This acid melts at 179 . When heated with dilute hydro¬ 
chloric acid to from 160 to 170 it decomposes into carbonic 
acid and methyl aniline. It yields the same derivatives obtained 
by Cl. Fortmann -) from the synthetic methyl anthranilic acid, 
e. fj. nitrosomethylanthranilic acid (m. p. 128'), acctylmethyl- 
anthranilic acid (m. p. 186 ) and bcnzoylmcthylanthranilic acid 
(m, p. 161 ). 

Synthetically the methyl ester ot methylanthranilic acid 
CH 

" ' COOCH/-'! 

can be obtained by boiling the methyl alcoholic solution of 
methylanthianilic acid with sulphuric acid and subsccjuent 
decompo-sition of the ester salt with .soda .solution’). 

Although mandarin oil contains scarcely 1 p. c. of this 
substance, it is of greate,st importance so far as the odor of 
the oil is concerned. 

Quantitatively’) the amount of ester can be determined as 
its anthranilic acid methyl e.ster. (Comp. vol. I. p. 544.) 

') lourn. f. prakt. Chem. II. «2 (1900), Ul 

') Ibidem 11. 5.'> (1897), 123. * 

') The constants of the synthetic ester may be found in vol. I, p. 54 . 3 . 

h A. Hesse 6 0. Zeitschel, Berl. Berichte :M (1901), 296; 8.'. (1902), 23.55. 
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429. Oil of Mandarin Leaves. 

Mandarlo Petltgrain Oil. — MandarlnenblatterSI. — Essence de Petitgrain 
mandartttier. 

Production. Upon distillation with water vapor, the leaves 
of the mandarin tree yield from 0.2 to 0.35 p. c. of volatile oil 
which in the receiver usually separates into a lighter and a 
heavier oil. 

Properties. A Spanish oil described by Schimmel fij Co.'), 
which had been obtained from Carcagente, was yellowish in 
color and showed a decided bluish fluorescence, d^. 1.0142; 
((„ 4-7 46'; E. V. 216; soluble in 6 to 6.5 vol. of 80 p. c. alcohol. 
The properties of an oil from southern France") were: d,., 1.005; 
((„ ( 719'; S. V. 159. Another oil from the same source ') had 
d,, 1.0643; - 2^20'; S. V. 265. 

The oil examined by E. Charabot*) (sec under Composition) 
deviated the polarized light -f 6 40'; S. V. 160, content of methyl 
anthranilic acid methyl ester about 50 p. c. 

Upon the distillation of 250 kg. of leaves in Grasse, A. Hesse'■) 
obtained 618 g. of light oil and 159 g. of heavy oil. The former 
showed d|., 0.993; e,,-t-5 42'; S. V. 191; content of methyl 
anthranilic aoid methyl ester 55.7 p. c. (accurately determined 
according to the method worked out for anthranilic acid methyl 
ester, sec vol. I, p. 544). The heavy oil showed d,,, 1.033; 

-t 3 20'; S. V. 238; content of methyl anthranilic acid methyl 
ester 67.65 p. c. Both oils congealed in a freezing mixture. 
From the aqueous distillate an additional 80 g. of oil were 
obtained that contained over 80 p. c. of ester. ■ The methyl 
anthranilic acid methyl ester content of the total oil was 
computed at 65 p. c. There were also found in this leaf oil 
a small amount of other esters, likewise a non-saponifiable 
base with an odor of nicotine. 

') Report of Schimmel S Co. October lixri, 83. 

Ibidem April IIMfi, 81. 

') Berichte von Roiire-Bertrand 'rils, October IftlO, 42. 

*) Compt. rend. l:tt (1902). 580. 

') Chem. Zeitschr. 2 (1903), 497. 
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Composition. As shown by E. Charabot') mandarin leaf oil 
consists principally of methyl anthranilic acid methyl ester*). It 
was isolated and identified according to the method employed 
by H. Walbaum in his investigation of mandarin oils. The 
melting point of the ester was 19 . It was identified as methyl 
anthranilic acid methyl ester by elementary analysis and by the 
acid obtained upon saponification which melted at f79’ and 
showed all of the properties of methyl anthranilic acid. 


430. Grape Fruit Oil. 

The rind of the’ grape fruit or shaddock, Ger. Pompeliims, 
from Citrus decumana, L. which attains a weight of 6 kg. 
contains a small amount of volatile oil that can be obtained 
by expression or distillation. 

An expressed oil '), obtained from fruits from Orlando, 
Florida, possessed a very pleasant odor reminding of bittci 
orange oil, d,,, 0,860; k,, ;-94 ,30’. 

In the Philippines .several varieties of grape fruit .seem to 
exi.st: one with large leaves that possesses almost no oil cells, 
and one with small leaves, from which B. T. Brooks') obtained 

1.7 p.c. ol an oil with a pleasant odor: d*i 0.8700; ((,,, 1 , 22.90 

( : r); n,,,,, 1.4644; E.V. 10; soluble in 70 p.c. alcoliol. It contains 

2.7 p.c. of dipen tone (m. p. of tetrabromide 120"), 15 p.c. linalool 
(characterized by its boiling point and its oxidation to citral), 
and 1 p.c. of an aldehyde that reacts with bisulphite and has a 
citral-like odor. 


n.Compt, rend, liir* (1402), .580. 

’) C Charabol iind G. lailoiie (Compt. rend. 137 (1403), 94(i. - Bull. Soc. 
chim. 111.31 (1404], 145) have made a .study of the origin of the volatile oil, 
more particularly ol the methyl anthranilic acid methyl ester, in the leaves 
and petioles of the mandarin tree. It was found that the formation of the 
voLitile oils in 4he leaves is most active while there organs are young. 
Moreover, the leaves contain more oil than the petioles. Later the terpene 
content ol the leaves is diminished whereas that ol the petioles is increased. 
The water-soluble constituents (methylanthranilic acid methyl ester) seem 
to accumulate in the leaves during the process of vegetation, the reverse 
being true of the petioles. • 

3 Report of Schimmel & Co. April 1834, 57. 

*) Philippine )oum. ol Sc. (i (1411), A, 344, 
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431. Oil of Neroli. 

Oleum llerum Aurantli. ~ Oraii{eRbliiten- or Neroliil. — Essence de Niroli. 

Origin and Production. Oil of neroli is distilled from the 
esh flowers of the bitter orange, C/trus Bigaradia, Risso 
Aurantium, L. subspec. amara, L.), more particularly in 
le Ddpartement des Alpes-Maritimes of southern France. The 
Mowing localities are noteworthy because of their larger 
oves: Cannes, Le Cannet, Vallauris and Golfe )ouan, also the 
Mowing localities near to the base of the Maritime Alps, viz. 
iot, Cagnes, La Colie, La Gaude, Gattieres, St. )eannet, Vence, 
ourettes, Gorges du Loup, and Le Bar. 

The principal harvest of blossoms lasts from the beginning 
f May to the middle-of )une and, in good years, amounts to 
om 2.5 to 3 million kg. Much smaller is the harvest of fall 
lossoms'). In 1909 it amounted to 270000 kg. The flowers 
re collected by women with the aid of ladders. Each blossom 
as to be pinched off with the finger nails and is dropped on 
lothes spread underneath the tree. Only the fully expanded 
owers are picked and all injury to the buds must be carefully 
voided. In order to obtain satisfactory prices for the flowers, 
ie owners of the groves have not long ago combined them- 
elves to a syndicate (Societe cooperative de production des 
roprietaires 'd'orangers des Alpes-Maritimes), which uses the 
owers not sold to others. The price of the blossoms fluctuates 
etween 0.5 to 1.35 fr. per kilogram. Most of the flowers are 
listilied and only such oil is collected as separates directly in 
he receiver. The aqueous distillate is not cohobated, but sold 
is orange flower water (Aqua thrum Aurantii, aqua Naphae), 
kg of water being distilled from 1 kg. of flowers. 'The yield of 
til thus obtained varies between 0.086 and 0.0148 p.c. About 
me-third of the oil remains in the water. Upon distillation 
)f fresh orange flowers, which, for export purposes, are pre- 
terved either with salt or brine, Schimmel 8( Co.-), obtained 
ipproximately 0.1 p.c. of oil. 

') For details as to yield see Report of Schimmel S Co. October IstW, 38; 
Jetober IDOS, 52; October 1908, 49. —• P. jeancard tii C. Satie, Bull. Soc. chim. 
II. 28 <1900), 605 and 29 (1903), 992. 

') Report of Schimmel 6 Co. October 1891, 34 and October 1894, 39. 
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The stills used in southern France have a capacity of from 
600 to 800 liters. Each is charged with 300 to 350 kg, of flowers 
and 400 to 450 liters of wafer (!' s times the amount of flowers). 
The distillation lasts 2''-i to 3 hours and at first is carried on 
with ' i atmosphere pressure, later with 1 atmosphere and finally 
with 1 "/j to 2 atmospheres'). 

Other methods for extracting the perfume of the orange 
blossoms are maceration*) and extraction'’) with volatile solvents. 
The former is conducted on a small scale only. The latter is 
:oming into greater favor in recent years since the product tiuis 
obtained best resembles the perfume of the plant. A, Hesse 
ind 0, Zeitschel*) liave extracted the orange blossoms with 
jetroleum ether. The extract thus obtained was triturated with 
ricohof and the alcoholic solution freed’ from plant wax by 
feezing. The oil obtained upon evaporation of the alcohol in 
/acuum was distilled with water vapor and the aqueous distillate 
?xtracted with ether. The oil obtained after the evaporation of 
he ether was added to that which had separated from the 
jqueous distillate. In this manner 1000 kg of orange blossoms 
,'ielded 806 g. of extracted orange flower oil. (For tlie constants 
)f this oil see Properties.) 

According to Roure-Bertrand Fils') the amount of extractive 
)btained by treating the blossoms with petroleum etjier is greater 
or the spring flowers than for the fall flowers. In the former 
nstance the yield was 0.2272 p.c., in the latter 0.1795 p.c. 

As to the formation of volatile oil in the several parts of 
he orange tree, detailed investigations have been made by 
Charabot and G. Laloue”). 

In .order, to ascertain which of the several methods is the 
nost rational for the extraction of the perfume, Hesse and 
Zeitschel’) have made a comparative study. They arrived at 


') L. Mazuyer, |ourn. Parfiim. et Savonn. 31 (1408), 134. 
b Comp. vol. I, p. 264. 

’) Comp. vol. I, p. 247. 

*1 lourn. f. prakt. Chem. II. «6 (1402), .512. 

■') Berichte von Roure-Bertrand Pils April 1»10, 48. G. Laloue, Bull. 
;oc.chim. IV, J (1410), 1101. • 

") Compt. rend. 1#8(1404), 1224,1513. — Bull.Soc.chim. HI. Ill (1404), 884,437. 
’) )oum. f. prakt. Chem. II. <14 (1401), 245. 
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the conclusion that distillation produces the largest yield. Then 
follows extraction with about one-half of the former yield and 
finally maceration with only one-third as much oil. Quite 
irrational is the enfleurage method which yields but one-fifteenth. 

The influence of the weather on the yield, also on the 
properties of the oil, has been studied by jeancard and Satie'), 
likewise by ). Gras-). 

Although the bitter orange tree is widely distributed in the 
countries along the Mediterranean, its flowers are distilled but 
rarely outside of southern France. Occasionally small amounts 
of Spanish oil enter the market, also Syrian, Italian, and Algerian 
oils, The.se as well as oils of other origin are enumerated under 
Properties. 

Properties. The neroli oil of commerce, /. e. the oit obtained 
as a byproduct in the distillation of orange flower water, is a 
yellowish oil which becomes brownish-red when exposed to light, 
and is slightly fluorescent. It has an intense, very pleasant 
odor of the orange blossoms and a somewhat bitter, aromatic 
ta.ste. d,,, 0.870 to 0.881; o„-f r30' to hQ 'S', as a rule not 
above 1-7’ ’); n„.,„ 1.468 to 1.474; A.V. uptol.8; E.V. 19to69; 
content of anthranilic acid methyl ester 0.45 to 1.1 p.c. (For 
the method of assay') see vol. I, p. 543.) 

The oil -is soluble in 1 to 2 vol. of 80 p.c. alcohol. The 
addition of more solvent causes the solution to become turbid, 
which upon standing separates small crystals of paraffin at the 


') Bull. Soc. chim. III. 23 (1900), b05; 2:» (1901), 934 ; 29 (1903), 992. 

-) Report of .Schimmel S Co. October 1901, 38; October 1905, 49, 

') Roiire-Bertrand Fils (Berichte April 1910, 48) point opt that, lacvoro- 
tation is characteristic of the neroli oils obtained by extraction, whereas the 
oils obtained by distillation of the blossoms with water vapor are dextro- 
Ryrate. Hence the latter method causes an inversion of the rotation, at least 
when the distillation is conducted under atmospheric pressure. When distilling 
under diminished pressure the same firm obtained a laevogyrate oil («d — 2' 30') 
which, moreover, closeiy resembled the extract oil as to odor. In connection 
with an oii distiiled according to the ordinary manner from flowers in the fall 
of 1909, a dextrorotation of r 1° 8', the highest thus far recorded, was observed. 

*) Cl. l.aioue*(Buli. Soc. chim. IV. 7 [1910], 1101) suggests that, for the 
protection of the other constituents, 'the oil be diluted with t> vol. in place of 
2 or 3 vol. of ether, that the precipitation be carried out at — 4“ and that 
the filtrate be cooled with ice water. 
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surface. The alcoholic solution of ncroli oil is characterized 
by a handsome violet-blue fluorescence, which is brought 
out beautifully when alcohol is superimposed on oil. When 
strongly cooled the oil looses its transparency because of 
the separation of paraffin and, at times, congeals to a buty- 
raceous mass. 

In order to acquaint themselves with the properties of 
oils, the genuineness of w'hich could not be questioned, 
Schimmel tiiCo.') distilled .several lots of fresh orange blossoms 
some of which were pre.served with salt, others with sea 
water. A yield of approximately 0.1 p.c. of oil was obtained 
showing the following constants. 


Mo. 

* 

"fi 

S. V. 

behavior in freezing mixture 

1 

0.887 

inactive 

41 

Congealed to a butvraceous mass. 

2 

0.881 

- 

:)b 

1 


0.87b 

0 .52' 

21 

Became viscid, hut did not congeal 

4 

0 872 

0 40’ 1 

21 

1 


Ifecause of its dark color, the angle of rotation of Mo. 2 
could not be determined. Nos. 3 and 4 are oils from the same 
lot of flowers. No. 4 consists of only such oil as separated from 
the aqueous distillate in the receiver. 

Properties of the Orange Plowei OH obtained Ironi the 
Aqueous Distiliate. The oil obtained by salting out and shaking 
out the oil from the aqueous distillate with ether had the following 
properties '): d,. 0.94.'j to 0.968; (t„ i- r‘47'to • 2 .'JO'; S. V. 49 
to too content of methyl anthranilate 11.6 to 16 p.c. 

Properties of the Extract OH. Upon extraction of the orange 
flowers with petroleum ether and subsequent distillation of the 
extract, after removal of the solvent, with water vapor, an 
oily and an aqueous distillate are obtained. If the aqueous 
distillate is salted out and shaken with ether, and the oily 
residue obtained upon evaporation of the ether added to the 
original oil, a total oil is obtained possessing the following 

') Report of Schimmel ft Co. OcKJber |H»1, 34 and October ls»4, ;j 4 . 

He.s.se and Zeitschcl, )oiirn. f. prakt. Chem. II. *>4 (IdOt), ZW, ZW, 
W (1902). 50e. 
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properties'): d, 5 .0.889 to 0.929, tr,, —0"48'to — 4‘’6', S. V. 55 
to 118, anthranilic acid methylester content 2.7 to 15 p.c. 

Properties of the EnUeurage Oil. d,,,. 0.909; +8''34': 

S. V. 58.2, methyl anthranilate content 5.2 p. c.') 

Properties of the Pomade OH. d;,, 0.913; Kj, —5°; S.V.78.1, 
methyl anthranilate content 9.2 p.c.') 

Properties of neroli oils not distilled in southern France. 
Although there appears to be no reason why other districts 
should not produce first-class oils, it would appear from the 
properties of the oils hereinafter enumerated that thus far no 
oils have been produced that can compete with those from 
southern France. Possibly this may be attributed to the lack 
of sufficiently careful selection of the material used for distillation. 
If in place of the fully expanded flower, buds or twigs, leaves 
and unripe fruits arc utilized, oils are obtained which resemble 
the petitgrain oils more or less. 

With few exceptions, the following oils have been examined 
in the laboratory of Schimmel 8 ( Co. The number in parentheses 
behind the geographic designation indicates the number of samples 
examined. 

Spain (7). 

d,.„0.870 to 0.885; «„ t-9 30'to -h 29 ; n„.,„, 1.4705 to 1.4720; 
A. V. 0.7 to 2.0; E. V. 18 to 47, methyl anthranilate content 0.45 
to 0.5 p.c. ') 

Calabria and Sicily (in. 

dij.0.860 to 0.924; 2'54'to i-56‘30'; 1.468 to 

1.474; A.V. 0.3 to 1.0; E.V. 6 to 127, methyl anthranilate content 
(1 determination) 0.22 p.c. 

Venezuela (2). 

d,,.0.884 to 0.887; o„-0'55'to - T 54'; ..1.463 to 1.465; 

A.V. 1.3 to 1,9; E.V. 96 to 102. 

Paraguay id. 

d„. 0.9076; «„ - 1 - 0^25'; A.V. 6.0; E. V. 72.5. 

') He,sse and Zeitschel, toe. cil. 84 (1901), 250; 88 (1902), 513. — Report of 
Schimmel 6 Co. October 190!t, 49. — Berichte von Roure-Bertrand Fils April 
l»10, 48. - 0. Uloue, Bull Soc. chim. IV. 7 (1910), 1101. 

h Hesse and Zeitschel, loc. cit.M (1901), 250. 

") Report of Schimmel & Co. October HHKt, 77. 
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Mayotte (d. 

d.,,0.8562; »„ -t-46 2'; 1,4705; E. V. 4.6. 

Algeria. 

d,,,,0.8723 to 0.8768; 5 42' to -4-6 6'; S.V. 72 to <51'), 

Syria hi 

d,,,0.8758; j 16'; S.V. 51.5-). 

Composition. Neroli oil is of special interest to the perfume 
chemist because it is the first oil in which there has been found 
a nitrogenous substance of exceeding fragrance, inasmuch as 
this valuable oil is* indispensable to finer perfumery, it has 
recently been subiected repeatedly to scientific investigation. 
.As a re.sult the presence of a considerable number of sub.stances 
has been established. The following compilation of constituents 
pertains to the ordinary neroli oil obtained by steam distillation. 

\-i'-h'neni‘ (m. p. of pinene nitrolbenzylamine 122 to 123 ).■') 

\-C\im/thene. Upon tr^-ating fraction 168 to 170' with glacial 
acetic acid-sulphuric acid, H.Walbaum and 0. Hfithig'') obtained 
/soborneol which, however, melted at 195 instead of at 212'. 
Neither did A. Hesse and O. Zeitschel') .succeed in raising the 
melting point beyond 200" although they purified the /soborneol 
through its phthalic acid ester. 

Dipcntcnc was identified in fraction 175 to 179 («„- 1 6') 
by means of its tetrabromide (m. p, 125 ).*) Previously b. Tie- 
mann and F. W. Semmler") had obtained a tetrabromide melting 
at 105 from fraction 75" (15 mm.) and had concluded the pre¬ 
sence of limonene. Apparently they did not examine the optical 
rotation of tlie fraction, hence it may be presumed that the 
tetrabromide melting per chance at 105" was an impure dipentene 


') A. Chapus, lourn. de Hharm. et Chim. VI. 80 (1409), 4«4. The material 
that was distilled consisted primarily of floral buds. -- Report of Schiminel 
St Co. October l!MO, 88. 

0 Berichte von Roure-Bertrand Fils April 1911, 2b. 

’) Report of Schimmel £i Co. October 1902, f>4 to 1)7. journ, f. prakt. 
Chem. II. «7 (1903), 315 to 325. 

lourn. f. prakt. Chem. II. (9i (1902), 481 to 51b. 

■■) Report of Schimmel S Co. October 19(«, 54 to 58, - lourn. f. prakt, 
Chem. II. «7 (1903). 315 to .325. 

'•) Berl. Berichte 2(t (1893), 2711, footnote. 
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tetrabromide. If this explanation is rejected, it must be assumed 
that the neroli oil in question was adulterated with orange oil, 
for pure oils yield fractions with but a slight rotation from 
which limonene tetrabromide cannot be obtained directly. 

Decylic Aldehyde. From fraction 70 to 82 ' (7 to 8 mm.) 
shaking with bisulphite separated a solid compound which, when 
decomposed with alkali carbonate, developed the odor of decylic 
aldehyde'). Inasmuch as characteristic derivatives of this alde¬ 
hyde have not been prepared, its presence has not yet been 
demonstrated. Its presence may, however, be regarded as 
probable since it occurs in the closely related orange oil. 

\-Linalool had first been found in the oil by Tiemann and 
Semmler®). Its presence was definitely proven by Walbaum and 
Hiithig') who prepared its phenyturcthane melting,at 65^ 
According to Hesse and ZeitscheP) the oil contains about 
30p.c. of linalool, partly combined with acids. 

\-Linalyl Acetate. According to Tiemann and Semmler-) 
fraction 97 to 104" (15 mm.; d..„.0.8972) consists of linalyl acetate. 
When boiled with potassa, it was broken up into acetic acid and 
linalool. The presence of this ester was proven a second time by Hesse 
and Zcitschel') who assumed that the oil examined by Tiemann and 
Semmler was largely adulterated with petitgrain oil. This assumption 
was not correct as demonstrated in detail by Walbaum and Hiithig. 

Phenyl Ethyl Alcohol. This alcohol having been found by 
Hesse and Zeitschel*) in the oil extracted from the orange flower 
water, its presence in the oil proper was demonstrated by Walbaum 
and Hiithig (oxidation to phenyl acetic acid). 

«-Terpineol (m. p. above 33°; m. p. of terpinyl phenyl 
urethane 112°)'')''). 

Nerol. This alcohol, previously unknown, was discovered 
by Hesse and Zeitschel") in neroli oil. Its boiling point is 


') Report of Schimmel Co. October 1902, 51 to 58. — loiirn. f. prakt. 
Chem. II.«; (1903), 315 to 325. 

•■) Berl. Berichte 2« (1893), 853. 

’) loiirn. f. prakt. Chem. II. 64 (1901), 245 to 260. 

*) loom. f. prakt. Chem. II. 64 (1901), 245 to 260. 

*) Report of Schimmel S Co. October 1902, 54 to 58. — )oum. f. prakt. 
Chem. II. 67 (1903), 315 to 325. 

*) loiirn. f. prakt. Chem. II. 66 (19()2), 481 to 516. 
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iomewhat lower than that of geranioi, but it does not combine 
vith calcium chloride, hence can be separated from geranioi by 
his means. Its diphenyl urethane, however, docs not melt at 
'3 to 75° as stated by Hesse and Zeitschcl, but at 52 to 53°. 
Serol is contained in the oil both free and as acetate. For its 
iroperties see vol. I, p. 362. 

Geranioi was first found in the oil byTiemann andSemmler, but 
ts presence was first definitely established by Hesse and Zeitschel 
vho oxidized it to citral (m. p. of citrylidene cyanacctic acid 122'). 

/asmone. The presence in neroli oil of this ketone, first found 
>y A. Hesse') in jasmin oil, is probable, since the corresponding 
Faction yielded a scmicarbazone melting at 200 to 204°'-). 

Nero/idol. As found by Hesse and Zeitschel, the high boiling 
Factions ^ contain a hitherto unknown sesquiterpene alcohol 
nerolidol (comp. vol. 1, p. 399). It is identical with 
leruviol and is characterized by a phenyl urethane melting at 
7 to 38", the formation of which, however, requires several 
reeks’ standing of the alcohol with the reagent"), 

Farnesol, which has a still higher boiling point than nerolidol, 
/as isolated by Schimmel Co.") by treating fraction 127' (4 to 
mm.) with phthqlic acid anhydride. It was identified by means 
f its constants and by its conversion into farnesal (m. p. of 
emicarbazone 127 to 132' in place of 133 to 135')"). 

Paraffin. The stearoptene of orange flower oil, also known 
s neroli camphor or aurade, was first found by Boullay’’). It 
i a paraffin which occurs in almost all flower oils and, when 
ure, is completely odorless and tasteless. It melts at 55°*). 

Acids. In addition to the acetic acid already mentioned, 
eroli qjl contains phenyl acetic acid'’) ") which is found in larger 

') Berl. Berichte (1894), 2619. 

’) Report of Schimmel S Co. April 1903, 55. 

") Ibidem 1914, 72. 

*) Comp. M. Kerschbaum, Berl. Berichte 4<i (1913), 1732. 

") loom, de Pharm. 14 (1828), 497. Trommsdorff’s Neues |ourn. der 
harm. 19, I. (1829), 227. 

“) Fluckiger and Hanbury, Pharmacographia. 11. edition. London 1879, 

■ 127. — E. and H. Erdmann, Berl. Berichte 82 (1899), 1214, footnote. 

') Hesse and Zeitschel, Journ. f. pAkt. Chem. II. (Mi (1912), 481 to 516. 

") Report of Schimmel & Co. October 1902, 54 to 58. — )oum. f. prakt. 
hem. II. «< (1903), 315 to 325. 
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amounts in the oil shaken out of the aqueous distillate, benzoic 
acid'), also traces of palmitic acid% All of these acids presumably 
exist in the oil as esters. 

Phenols are present, but only in traces*). 

Anthranilic acid methyl ester. The most important role in 
the formation of the orange flower perfume is played by the 
small amount of anthranilic acid methyl ester, which was found 
in the oil in 1894 in the laboratory of Schimmel 5 Co.*). It is the 
presence of this substance that causes the fluorescence of the oil. 

Anthranilic acid methyl ester NH^-Cnlij COOCfij boils at 
132 under 14 mm. pressure, melts at 25° and while in the liquid 
condition at 15° has a specific gravity of f.168. In the undiluted 
condition its odor is unpleasant. Only when greatly diluted does 
its odor remind of the fragrance of orange blossoms. 

Several weeks after the Bericht of Schimmel h Co. and 
with it the report of Walbaum had been issued, there was published 
a paper by E. and H. Erdmann*) who claimed the scientific 
priority of the discovery of the ester in neroli oil. 

After a rejoinder by H. Walbaum-’), E. and H. Erdmann") 
claimed to prove their scientific priority by a German application 
for letters patent, E. 5958, in which the occurrence of anthranilic 
acid methyl ester in neroli oil is mentioned without, however, 
producing apalytical proof. These letters patent were published 
)uly 5, 1900, hence /5 months after the publication of H. Wal- 
baum’s first report. It thus becomes apparent that H. Walbaum’s 

’) Report of Schimmel 6 Co. October 19Wi, 54 to 58. — )oum. f. prakt. 
Chem. II. 67 (1903), 315 to 325. 

") Hesse and Zeitschel, joum. f. prakt. Chem. II. 60 (1912), 48) to 516. 

") Report of Schimmel S Co. April 1899, 32. — H. Walbaum, )ourn. f. 
prakt. Chem. II. 59 (1899), 350. 

‘) Berl. Berichte »2 (1899), 1213. 

") Ibidem it2 (1899), 1512. 

“) Ibidem 88 (1900), 2061. In a footnote, E. and H. Erdmann accuse me 
of having wilfully ignored their paper on neroli oil in 4he first edition of 
this work. This contribution, which I am supposed to have ignored, appeared 
in the number of the BerL Berichte which was issued May 15, 1899. However,' 
the final correction of form 40 of the first edition was returned to the printer 
May 4,1899 and the final form had been printed May 14. It was impossible, 
therefore, to take notice of their paper which came to my attention a few 
days tater. This 1 regretted very much, for otherwise I might have been in 
a position at that time to refute the unwarranted claims made by the Erdmanns. 
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report was made public sooner than any of the communications 
by the Messrs. Erdmann. 

Indol, likewise an important constituent of the oil, was first 
found by P. Engels') in neroli pomade, later by Hes.se and 
Zeit.schel in the oil itself. 

Pyrrol and pyrrol derivatives, found by H. and E. Erdmann '-’) 
in neroli oil, do not, according to Schimmel 6| Co.''*) and Hes.se 
and Zeitschel, appear to occur in genuine, unadulterated neroli 
oil. F^robably the appearance of the pyrrol reaction (cherryred 
coloration of a pine shaving moistened with hydrochloric acid 
when exposed to the vapors of the first fraction) may be attri¬ 
buted to an adulteration with petitgrain oil. 

At the close of their second contribution on neroli oil, Hesse and 
Zeit.scllcl pre.sented a compilation of the constituents of the oil with 
approximate amounts, in somewhat modified form, in which the 
more recent investigations arc considered, it is herewith reproduced. 

Composition of Neroli oil. 

Constituent!,. . 

t. Pinene.I 

Hydrocarbons 2 . Camphene.' 'i'i p c 

3,5 p.c. 3. Dipentene .I 

4. Paraffin C,;. I 


5. /-Linalool..30 p.c, 

Terpenc alcohols 6. /-I.inalyl acetate.' . 7 p.c. 

and their acetates 7. d-Terpineol. 2 p.c. 

47 p.c. 8. and 9. Geraniol : Hero!. 4 p.c. 

to. and 11. Geranyl acetate ■ Meryl acetate 4 p.c 

Sesquiterpene I , 2 . rf.„erolidol. 6 p.c. 

derivatives b p.c. | 

Mitrogenous com-113. Anthranilic acid methyl ester . . . . 0.6 p.c, 

pounds 0.7 p.c. j 14. Indol.locHihunO.I p.c. 

Acids and phenols 115. Acetic acid. 

0.1 p.c. 116. Palmitic acid. 


Other constituents, I Decylic aldehyde (?) and esters of phenyl- I 
resinous products acetic acid and benzoic acid, jasmonc 11.2 p.c. 
and loss • 1 and farnesol. I 

In the orange blossom water oil all of the above mentioned 
constituents are likewise found, but in different ratios. Those 

*) lourn. f. prakt. Chem. II. (Rl (1962), 504. 

-) Berl. Berichte 92 (1899), 1217. 

*) Report of Schimmel 6 Co. October flRW, 54. 

ClLDfcMf-ISTfcK, Tilt VOLATIL*: OILS. ill. 7 
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substances which are more soluble in water, such as the alcohols 
and anthranilic acid methyl ester, exist in larger percentage in 
the water oil than in the neroli oil. The more difficultly soluble 
constituents, such as the esters of the terpene alcohols, are present 
in smaller amounts. The water oil possibly also contains phenyl 
acetonitrile, likewise a nitrogenous substance melting at 159’*). 

The orange blossom extract oil, according to Schimmel S Co.-) 
contains, in addition to the substances found in the distilled oil, 
the following substances: traces of benzaldehyde (m. p. of semi- 
carbazone 214 ); a basic substance, with a decided odor of 
nicotine, that boils above 110“ (6 mm.); and a nitrogenous sub¬ 
stance which, upon saponification of the oil, is hydrolyzed to 
ammonia and phenyl acetic acid and which, in all probability, 
may be regarded as the nitrile o! phenyl acetic acid. The 
nitrogenous substance melting at 159“ which had been found by 
Hesse and Zeitschel in the water oil, has also been obtained 
from the extract oil. Finally, it contains a ketone with the odor of 
jasmine, presumably jasmone (m. p. of semicarbazone 204 to 205°). 

Examination. The most common and most dangerous 
adulterants are bergamot oil and petitgrain oil. Inasmuch as 
both of these oils, like neroli oil, contain as principal consti¬ 
tuents linalool and linalyl acetate, their detection in small amounts 
is impossiblei Larger additions result in an increase of the specific 
gravity and ester content. The latter in the case of pure neroli 
oil fluctuates between 7 and 24 p.c. (S.V. 20 to 69), in the case 
of bergamot between 34 and 45 p.c. (S.V. 97 to 130), and in 
the case of petitgrain oil between 37 and 57 p.c. (S.V. 106 to 
163). Orange flower oils, the saponification value of which is 
higher than 70, should be rejected as suspicious. 

Not infrequently, however, mixtures of more or less saponified 
petitgrain, bergamot and orange oils are added to the flowers 
previous to their distillation. In such an instance the identi¬ 
fication of limonene can be taken as proof of adulteration. 

The property of neroli oil to separate paraffin when subjected 
to a freezing mixture, has been utilized as a test. This is justifiable 
in so far as the addition of paraffin-free oils may reduce the relative. 


') Hesse and Zeitschel, toe. cit. 

*) Report of Schimmel S Co. October ISOS, 49. 




Oil op Neroli (“ortuoal. 


99 


paraffin content to such an extent that it no longer separates in a 
freezing mixture. It should be remembered, however, that un¬ 
adulterated oils may, at times, be poor in paraffin. If at the time of 
the flower harvest, a large amount of material must be handled 
rapidly, it may occur that the distillation is not carried to exhaustion 
hence less of the difficultly volatile paraffin passes over into the oil 
than usual. Moreover, dependence is placed upon comparison of the 
physical constants with those of good oils, also on the sense of smell. 

432. Oil of Neroli Portugal. 

Oleum Aurantii florum dulce. — SiiSea OrangenblUtenSI.—Esseaoe deNiroll Portugal. 

Origin. Oil of sweet orange blossoms, Neroli Portugal, /. e. the 
oil distilled from the flowers of the sweet orange, is rarely met in the 
pure state in commerce. The oil sold under the above designation 
is almost invariably a mixture of different aurantiaceous oils. 

Properties. For scientific purposes an oil was prepared by 
E. Theulier') in southern France. The oil obtained by simple 
distillation without cohobation was dark yellow in color. Its odor 
did not remind of that of ordinary neroli oil. Its specific gravity 
was 0.860 at 23', its angle of rotation j 29°30', the ester content 
6.35 p.c. With 90 p.c. alcohol the oil produced a silky turbidity. 
In the cold it separated paraffin melting at 55 . 

An oil sent to Schimmel £) Co.') from southern France had 
the following properties: d,j., 0.8686; ((,, + 45° 16'; n„..,„. 1.47352; 
A. V. 1.8; E. V. 16.7; soluble in 0.5 vol. of 90 p.c. alcohol, the 
addition of more than 5 vol. produced opalescence. 

An oil') distilled in Germany from the fresh flowers of the 
Spanish sweet orange. Citrus Aurantium, Risso, possessed very 
different properties. The shipment of the flowers had been made 
in iron cylinders from which the air had been exhausted after 
filling. A yield of 0.154 p.c. of oil was obtained with a specific 
gravity of 0.893 at 15° and an optical rotation t/„-|-l6°8'. 

An oiP) distilled in Spain revealed the following properties: 
d„. 0.8571; «„ t- 42°47': n,„„, 1.47274; A.V. 1.6; E. V. 6.8; in- 

•) Bull. Soc. chim. III. 47 (1902), 278. 

') Report of Schimmel & Co. April* 1»I0, 79. 

’) Bericht von Schimmel & Co. October 1(489,38. 

*) Report of Schimmel £i Co. October 1909, 77. 
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soluble inSOp.c. alcohol, readily soluble in 90 p.c. alcohol with 
fluorescence and the separation of traces of paraffin. 

Another oil from the same source examined by Schimmel 
is Co. had the following properties: d,„. 0.8746; «j, 4-43’22'; 
n„,,„ 1.47450; A. V. 3.7; E. V..16.7; insoluble in 10 vol. of 80 p.c. 
alcohol, soluble in 0,3 vol. of 90 p.c. alcohol, from 2.5 vol. on 
opalescence is produced. 

The properties of an Algerian oil arc recorded by A. Chapus'); 
d^. 0.8731; «„-t-26 ’15'; e.ster content, computed as linalyl ace¬ 
tate, 34.18 p.c. 

Composition. The oil examined by Thculier-) boiled between 
160 and 233"’ and appeared to contain appreciable amounts of 
the liigher terpenes. d-Camphene was identified by means ,of iso- 
borneol melting at 212 , limonene by means of its tetrabromide 
melting at 105 , and d-linalool by means of Doebner’s compound 
of citral melting at 198.5’ which had been obtained upon oxidation 
of the linalool fraction. Those portions of the oil boiling above 
linalool were not examined. Anthranilic acid methyl ester was 
not contained in the oil. However, this ester was found to 
the extent of 0.3 p.c. in a Spanish oil and was identified by 
means of its benzoyl derivative {m. p. 100 to 102 ’) and by 
means of its picrate (m. p. 105 to 106’). 

433. Oil of Sweet Orange Leaves. 

Two oils distilled in southern France from the leaves of the 
sweet orange tree (petitgrain Portugal) had the following pro¬ 
perties"); djj 0.8602 and 0.8584; «„-1-56'’46'and I 53''52'. An 
Algerian oil was examined with the following results}); d,5..0.8705; 
(t„-'-2r33'; ester content, computed as linalyl acetate 21.6 p.c. 
The oil contains") d-camphene (m.p. of /soborneol 212 ’), limonene 
(m.p. of tetrabromide 104’), linalool i^), citral, about 4 p.c. (m.p. of 
naphthocinchoninic acid 197’) and geraniol, about )2p.c. (calcium 
chloride compound). 

') )oum. de Pharm. et Chim. VI. 80 (1909), 4S4. 

•) Bull. Soc. chim. 111. 21 (1902), 278. 

") Berichte von Roure-Bertrand Fils October 1804,35 and October 1810,42. 

') A. Chapus, |oum. de Pharm. et Chim. VI. 30 (1909), 484. 

') G. Litterer, Bull. Soc. chim. III. 83 (1905), 1079. 
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434. 011 of Petitgraln. 

Oleum Petitgraln. — PetltgrainSI. — Eesence de Petitgraln. 

Origin and Production. Petitgraln oil is obtained by steam 
distillation from the leaves and twigs of the bitter orange, C/frus 
Bigamdia, Risso. At times the fruits adhering to the branches 
are distilled along. Formerly the oil was produced principally in 
southern France. In Paraguay the distillation was introduced by 
the French botanist Balanza who went to that country in 1873. 
The quality of this oil, at first poor, was improved in the course of 
years. On account of its greater reliability and uniformity it is now 
generally preferred to’the French oil which is frequently adulterated. 

In southern France the leaves and twigs which result from 
the pruning of the bitter orange tree arc commonly distilled*). 

According to the reports from Paraguay the most ruinous 
methods are being employed which have resulted in complete 
annihilation of the underbrush of orange trees or Manchones 
over wide areas*). In his book Paraguay in Wort und Bild, 
R. von Fischer-Treuenfeld renders the following account-)*'). 

"Although wild orange groves are .still numerous, they are, 
because of the pernicious methods practiced, remote from the 
inhabited places. The harvest is carried on all year, but princi¬ 
pally from October to April. About 5 cm. above the ground the 
trees are chopped down. The leaves and young fruits arc distilled 
on the spot, the wood being used as fuel. Thus indolence and 
vandalism have led to the annihilation of the orange fore.sts. 
More recently the Government has endeavored to prevent the 
chopping down of the trees and to regulate the harvesting by 
law. hence the price of the oil has risen and it is more and 
more difficult to obtain the product". 

The number of distilleries producing petitgrain oil in 1909 
was estimated at 30*) located as follows: 20 in jaguaron**), 4 in 
Ita, 3 in San )o?d de la Cordillera, I in Itacuruby and 2 in Nemby. 

*) L. Mazuyer, Americ. Perfumer + (t909), t06, 127. 

*) Report of Schimmel & Co. April IttOi, 55. 

**) It. ed. Berlin 1906, p. 187. 

*) Le Messager de Sao Paolo for 9. 7. 1909; Report of Schimmel 6 Co. 
April I»l«, 89. 

'■) Comp, al.so Chemist and Druggist (1897), 110. 
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Collectively they had a capacity of from 2600 to 3000 kg. monthly 
or about 36000 kg. annually. Asuncion is the market for petit- 
grain oil. 

The factories are of very simple construction. The site is 
located near a creek flowing through the orange grove. The hut 
is covered with palm leaves. The apparatus consists of a boiler 
fired with wood and in which the pressure does not exceed one 
atmosphere, a large still for the plant material, a serpentine con¬ 
denser, and Florentine flasks used as receivers. The distillation 
lasts 36 hours and the yield amounts to 0.33 to 0.4 p.c.'). The 
daily output amounts to from 3 to 41. of oil^ which is transferred 
to tin containers that are sealed immediately and transported. 

The export of petitgrain oil from Paraguay is indicated by 
the following figures; — 

I8<W‘) 1900*) 1901*) 1002*) 1903*) 

6106 kg. 9545 kg. 17834 kg. 19436 kg. 25176 kg. 
Value: -//48 848.- -// 76360.- 107000.- .// 116616.- -//146531.- 

1906*) 1907*) 1908*) 1909*) 

9698 kg. 10872 kg. 30274 kg. 31000 kg, 

Properties. The odor of Paraguay petitgrain oil resembles 
that of neroli oil, but is much less delicate; its taste is aromatic 
and somewhat bitter; the color yellowish, d,,. 0.886 to 0.900; 
((„+ 5 to —•2'’45'; n„j„, 1.459 to 1.464; A. V. up to 2; E. V. 106 
to 163 37 to 57 p.c. linalyl acetate. Soluble in 1 to 1.5 vol. 

and more of 80 p.c. alcohol, the dilute solution being occasionally 
opalescent. Most of the oils are also soluble in 2 to 4 vol. of 
70 p. c. alcohol, though frequently with opalescence and even 
turbidity. 

Those oils with a lower specific gravity and a larger •dextro¬ 
rotation are mostly poorer in linalyl acetate and hence inferior ’). 
Mevertheless, oils have been frequently observed which, in spite 
of the deviations mentioned, revealed a normal ester content. 
Thus for oils with from 37 to 46 p.c. linalyl acetate content, 

*) E. Charabot and L. Fillet (Bull. Soc. chim. III. 1» [1898], 853; 21 |I899], 74) 
report much lower yields. They obtained only from 0.133 to 0.184 p.c. 

*) V. Fischer-Treuenfeld /oc. cit. p. 304. 

*) Report of Schimmel & Co. October 101. 

*) Ibidem October 1810, 106. 

') Ibidem October 1810, 107. 



ua. OF miTORAtN. 


m 

the following constants have been observed: d„. as low as 
0.883; and «„-|-5°10' to +ir3'. In isolated cases the oils 
differed from the normal only by a stronger dextrorotation 
(e.^. d„.0.8907; <(,, + 7'’48'; 39.7 p.c. ester; yielded a turbid 
solution with about 5 vol. and more of 70 p.c. alcohol, soluble in 
1 vol. and more of 80p.c. alcohol.) Presumably these deviations 
are due to the selection of the crude material, though unfavorable 
climatic conditions may be accountable therefor. 

Eight petitgrain oils distilled by E. Charabot and L. Pillet') 
in Cannes from the leaves of the bitter orange had the following 
properties: dj,.0.8910 to 0.8937; — 4''45'to —615'; soluble 

in 1 vol. of 80 p.c. alcohol; ester content from 51.5 to 69.6 p.c. 

For an oil distilled by themselves Roure-Bertrand Fils") 
found:‘dy^ 0.8980; 4’20'; S.V. 161.4; E.V. after acetylation 

203.0; soluble in 3.5 vol. of 70 p.c. alcohol. 

Properties of Petitgrain oils of various Sources. 


Source 

d,,.. 


A. V. 

E. V. 

\ p.c. Ester 

Calabria . 

0.8746 

; 18" 

0.5 

75.4 

26.3 

Spain. 

0.8849 

i 8'25' 


81.7 

28.6 

Comores, ... 

0.8664 

! 42'45' 

1.8 

31.0 

1 10.9 

jamaica-') . . 

0.8846 

b'OO' 

... 

82.0 

28.7 

West Indies . . . 

0.8531 

■I 43’36' 

1.2 

61 • 

2.1 

South America') . 

0.887 

; 2" 

- 

- 

36.5 

Syria ■). 

0.8857 

3" 24’ 



27.1 


') Bull. Soc. chim. III. I» (1898), 853; 21 (1899), 74. 

) Berichte von Roure-Bertrand Fils, October 1»10, 42. 

) This is apparently the same oil on which the Imperial Institute of 
London (Bull. Imp. In.st. II (1913), 437) reports and which had the lollowing 
con.stantsr d,,.-0,8884; —6' 45'; soluble in I vol. and more of 80p.c. alcohol. 
It contained 31,6 p.c. free and 55,65 p.c. e.sterified alcohols. Schimmel 6 Co. 
(Report April 1»U, 83) express themselves in the following words; “The oil 
is noteworthy for its comparatively high degree of laevo-rotation, for in case 
of the commercial oil, which comes mostly from Paraguay, the roUtion varies 
from - 5" to —2" 43'. It is possible that this may be due to the circum¬ 
stance that the crpde material consisted principally of leaves, at any rate 
experiments made many years ago by Charabot and Pillet (Bull. Soc. chim. 
III. ai 11899), 74) showed that the leaves of the bitter orange tree yielded 
oils which were more latvorotatory tharf the other oils." 

‘) |. C. Umney and C. T. Bennett, Pharmaceutical )oum. 72 (1904), 217. 

') Berichte von Roure-Bertrand Fils April 1811, 26. 
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The influence of climatic conditions on the formation and 
composition of petitgrain oils has been studied by jeancard and 
Satie') for the years 1901 to 1903. 

Composition. Pyrrol and furfural. The vapors of the first 
distillate of the oil color a pine shaving, moistened with hydro¬ 
chloric acid, cherry-red -), a reaction that indicates the presence 
of pyrrol derivatives"). Besides the lowest fraction contains 
furfural (color reaction with aniline hydrochloride"). 

Camphene. When fraction 160 to 170' was treated with 
glacial acetic acid-sulphuric acid, the odor of /soborneol resulted. 
However, no crystals of this alcohol could be obtained <). 

li-Pinene. Upon oxidation of fraction 167 to 170 (d|.,0.8474; 
I'l, —7 10') with potassium permanganate in alkaline solution, 
a good yield of sodium nopinate, crystallizing in shining lamina;, 
was obtained. Decomposed with sulphuric acid, it yielded nopinic 
acid melting at 126 to I27\ For further identification nopinic 
acid was converted into nopinone which condensed readily with 
bcnzaldehyde forming the bcnzylidenc compound C„H,,O. CHC„H- 
melting at 107'’'’). 

Dipentene and Linronene. Walbaum and Hiithig') pi oved 
the presence of dipentene by means of its tetrabromide (m.p. 125"), 
whereas, according to F. Tiemann and F. W. Scmmler"), limonene 
is contained in the oil. E. Charabot and L. Fillet') have found 
that the petitgrain oil distilled from the leaves only contains no 
limonene and that the </-limonene occasionally found in the oil 
is due to the small fruits. 

VLinalool, which occurs both free and as ester, was first 
shown to be present by Tiemann and Semmler. This observation 
was later verified by Walbaum and Hiithig by means of the 
phenylurethane of the linalool melting at 65", a compound pre¬ 
viously unknown. 

') Bull. Soc. chini. III. -J# (1903), 1089. 

*) H. and E. Erdmann, Berl. Berichte •'tS (1899), 1217. 

“) Report of Schiminel S Co. October 1902, 69. 

') H. Walbaum and O. Huthic, Journ. f. prakt. Chem. II. «i (1902). 321. 
Report of Schimmel & Co. October 1902, 69. 

“) Report of Schimmel 8) Co. AM> 1®!-*. 83. 

") Berl. Berichte i'. (1892), 1186. 

•) Bull. Soc. chim. III. 21 (1899), 74. 
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d-u-Terpineol. (m.p. 34"; m.p. of phenylurethane 112°').) 

Nero/. H. von Sodcn and 0. Zeitschel ') found about 2 p.c. 
of this alcohol in petitgrain oil. 

Geraniol is present both free and as acetate"); m. p. of 
diphenyl-urethane 82 ; analysis af the silver salt of the acid'). 

The highest boiling portions of petitgrain oil contain ses¬ 
quiterpenes') that have not been farther investigated. The blue 
fluorescence of the oil is in ail probability due to anthranilic 
acid methyl ester"). Upon shaking the fraction which boils in 
the neighborhood of 200 with dilute sulphuric acid, Walbaiim 
and Hiithig obtained traces of an oil which had a strongly 
basic odor and which probably produces the characteristic 
petitgrain odor. 

Adiriteration and Examination. Petitgrain oil is adulterated 
with orange oil, lemon oil and turpentine oil"). These additions 
are readily recognized by the lowering of the specific gravity, 
lowering of the saponification value and of the solubility, and 
finally by the change in the angle of rotation. 

Of other adulterants that are more difficult of detection, 
the following have been observed: ethyl tartrate'), oleic acid'), 
also terpinyl acetate"). 

435. Oil from Immature Oranges. 

I'rom the unripe bitter Sicilian orange, H. Haensel") obtained 
upon distillation 0.712 p.c. of oil (k,, about +49°), and from 
Spanish material 0.372 p.c. (<!„ about <• 58'). This oil contains 
appreciable amounts of a pyrrol derivative, for the vapors, even 

• 

') H. Walbaum and 0. Hfithig. lourn. f. prakt. Chein. II. B7 (1902), .')21. 
Report of Schimmel ft Co. October 1902, fi9. 

*) Bert. Bericbte Wt (1903), 26.'j. — Comp, also Report of Schimmel Co. 
April I!H«, 62. 

") |. Passy, Bull. Soc. chim. III. 17 (1897), 519. 

•) Berl. Bericbte 2.5 (1892), 1186. 

■’•) Report of Schimmel & Co. October 1902, 68. 

“) Comp. Ibidem April 190H, 78. 

h E. |. Parry, Chemist and Druggist 75 (1909), 410. 

") Report of Schimmel S Co. October 1912, 92. for the detection of 
terpinyl acetate, see Bergamot oil, p. 68. 

") Pharm. Ztg. 51 (1906), 352. 
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of the unfractionated oil, produce a bluish-red color on a pine 
shaving moistened with hydrochloric acid'). The principal con- 
•stituent of the oil is Umonene^). 

436. Oil of Citrus Hystrix. 

Oil from the fruit rinds, in Buitenzorg 4 p.c. of an oil 
were obtained upon distillation of the fruit rinds of D/eraek 
/xeroet {Citrus Hystrix, D.C.; C. Papedia.Miq.). d.,„.0.942; -+-9 . 
It contained 40 p.c. of citraP). 

A sample which had been presented to Schimmel S Co. by 
Dr. de Jong, of Buitenzorg, was apparently identical with this oil, 
but in the meantime it had strongly resinified, as also became 
apparent from the high specific gravity; d,„,0.9654; 4 - 7° 18'; 

n„.,„. 1.48277; soluble in 1 vol. and more of 80 p.c. alcohol. The 
light yellow oil had a lemon-like odor. 

Oil from the Leaves. According to B. T. Brooks'), the 
leaves do not yield more than 0.08 p.c. of volatile oil with 
the following properties: diJjlO.OlSO; —10.50°; nj,,,,,. 1.4650; 
S.V. 50.2. Its odor resembles that of the oil from grape fruit. 

437. Oil of Citrus trifoliata. 

A Chinese neroli oil, said to have been obtained from the 
leaves of Citrus trifoliata, L. (C. triptera, Desf.; Aigie sepiaria, D.C.) 
has been described by ). C. Umney and C. T. Bennett.*) 

The yellowish-brown oil had a peculiar sweetish odor, 
revealed a very faint blue fluorescence and had the following 
constants: d^. 0.850; ((p-j-SS”; ester content 4.97 p.c., computed 
as linalyl acetate; total alcohol content 25.17 p.c., computed as 
linalool. According to the investigators the oil contains fimonene, 
camphene, linalool, linalyl acetate, anthraniUc acid methyl ester 
and a paraffin. Mow these substances were identified is not stated. 

‘) E. and H. Erdmann, Berl. Bertchte 82 (!8<W). 1217. 

*) Pharm. Ztg. ol (1906), 352. 

*) laarb.dep.Landb. in Ned.-Indid, Batavia tson, 64; Report of Schimmel 2iCo. 
April 1911, 51. 

') Philippine |oum. of Sc. 6 (1911), A, 349. 

'■) Pharmaceutical )oum. 99 (1902), 146. 
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438. Oil of Citrus reticulata. 

According to Brooks') an oil can be obtained in the 
Philippines from the rind of the fruit of Citrus reticulata, Blanco, 
known there as Maranjita, which is almost identical with Italian 
oil of orange. Citrus reticulata is commonly regarded as 
synonymous with C. Aurantium, L., but, according to Brooks, 
this assumption is not correct. The oil expressed from the green 
rinds had the following properties: 90.85"(+?); n,„„, 1.4700; 

E.V. 8.0; evaporation residue 2.2b to 2.4 p.c. It contained about 
92 p.c. of limonene, about 0.3 p.c. of a wax-like stearoptene 
melting at 116 to 1l7 , 0.5 p.c. of an acid (possibly butyric or 
caprylic acid), also traces of a phenol. 

Another species of Citrus cultivated in the Philippines is the 
Citius Aurantium Blanco (possibly synonymous with C. Auran¬ 
tium, L.), the fruits of which are called Cajel. These are not 
suitable for the production of oil, the yield being too small. Its 
properties are: d*|'0.8390; n,, 1.4675; S. V. 8.5. 

The botanical position of both species remains to be deter¬ 
mined more accurately. 

439. Oil of West Indian Sandal Wood. 

Oleum Santall ex India occldentatl. Westlodiechee SandelhOIzdl. — Eetence 
de bols de Santal dee Indes Oooldentaiea. 

Origin. Until recently the origin of West Indian sandal wood 
was not known. From a study of the wood and the leaves, 
E. M. Holmes, W. Kirkby and .A. Petersen arrived at the conclusion 
that the plant must belong to the family Rutaceae and could 
by no means' be assigned to the family Santalacex-). Because 
of the want of flowers, nothing more definite could be established. 
At the suggestion of Mr. Holmes, of London, the firm of 
■ Schimmcl 8i Co. in 1898 succeeded in obtaining flowering branches 
of the tree in Puerta Cabello, Venezuela, whence the wood is 
brought into the market. An examination by Holmes led to the 
conclusion that the plant belonged to the family Rutaceae. He 
assumed it to be an unknown species and named it Schimmelia 


') Philippine |oum. of Sc. fi (1911), A, 345. 

’) Pharmaceutical |ourn. 111. 19 (1886), 757, 821, 1065. 
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ohifera '). Later, however, he agreed with the conclusion arrived 
at by Dr. Urban of Berlin who determined the plant as Amyris 
ba/samifera, L. The error was caused by the circumstance that 
the English botanists had assigned the genus Amyris to the 
family Burseraceao, whereas in Germany it is assigned to the 
Rutacex, which is regarded as quite correct by Holmes. Inasmuch 
as in English botanical literature no botanical description of a 
rutaceous plant corresponded to the West Indian plant. Holmes 
regarded it as a new species. 

The wood, which in no way resembles East Indian .sandal 
wood, consists of club-like pieces varying in thickness from that 
of a thumb to that of an arm. It is white and hard and is 
covered with a gray bark. The anatomical structure of the wood 
has been studied and described by Petersen and Kirkby.’-) 

Upon distillation the well comminuted wood yields 1.5 to 
.'J.5 p.c. of oil. 

Properties. The viscid oil has but a faint, not very pleasant 
odor. d^.O.QSO to 0.970; -t 19 to + 29”, rarely lower; 
n,,.,,,, 1.508 to 1.513; A. V. up to 3.0; E. V. up to 6.0; E. V. after 
acetylation 66 to 125, corresponding to from 27 to 55 p.c. of 
aniyrol, C,„H,,„0. The saponification of the acetylated oil must 
be effected with a large excess of alkali and must be continued 
for 2 hours, since a shorter period yields incorrect results. Soluble 
in 1 vol. or even less of 90 p.c. alcohol, occasionally in 2 to 
10 vol. of 80 p.c. alcohol. 

Composition. After boiling the oil with acetic acid anhydride, 
W. Dulicrc'') had obtained a saponification value corresponding 
to 41.93 p.c. of an alcohol C,,Hj„0. Thereupon H. von Soden^) 
isolated the alcohol and named it amyrol. It is an almost colorless, 
viscid liquid which forms a clear solution with 3 to 3‘/; parts of 
70 p.c. alcohol, d,;,.0.980 to 0.982; 27"; boiling point 299 to 

30r under 748 mm. pressure, 151 to 152'' under 11 mm. pressure. 

With phthalic acid anhydride amyrol cannot be esterified, 
since it is dehydrated, neither is the acetylation quantitative. 


Pharmaceutical |ourn. III. 0- (1899), 53, 137, 205. 

«) Ibidem 1« (1886), 757, 821, 1\)65. 

") Bull, de I'acadimie roy. de m6d. de Belgique IV. 11 (1897), 768. 
*) Pharm. Ztg. 45 (1900), 229. 
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Later H. von Soden and W. Rojahn') found that amyrol is no 
definite chemical substance but that, upon repeated fractionation, 
it can be resolved into several alcohols. The higher boiling 
substance, which predominates, has a faint, peculiar, aromatic 
odor and, according to elementary analysis, the composition 
C„H„,,OH. dj.,, about 0.987; about + 36"; b. p. 299”. Mineral 
acids and other dehydrating agents convert it into a sesquiterpene 
The lower boiling alcohol appears to have the composition 
C|,.,H.,,,OH and is optically inactive. 

The alkaline saponification liquid, when acidulated with 
sulphuric acid, yielded an oil which crystallized in part and 
which had a strong* odor of acetic acid. In order to remove 
the acid it was shaken with a solution of sodium carbonate. 
The remaining crystals, after recrystallization from methyl alcohol, 
melted at 117 . This substance, named amyroHn, is free from 
nitrogen, contains no methoxy groups and has the composition 
In alcoholic potassa, amyrolin is soluble with a 
yellowish-green fluorescence. It adds bromine yielding an 
amorphous, white dibromide melting at 157 to 159". judging 
from its behavior, amyrolin appears to be a lactone of the 
aromatic series. 

According to E. Deussen'-), West Indian sandalwood oil 
contains rf-cadinene, which yielded a hydrochloride melting at 
117 to US”. When hydrogen chloride was split off, Veadinene 
resulted. Whether rf-cadinene is really contained in the original 
oil has not been proven beyond question by Deussen. 

In the lower boiling fractions (137 to 139" under 17 mm. 
pressure; dj, 0.9125; i 7 ) E. Deussen®) demonstrated the 
presence of ,itcarvophyllene (m. p. of nitroso-V-caryophyllenc 156 
to 157"). In one instance the sesquiterpene content of a West 
Indian sandalwood oil was estimated at 30 to 40 p.c., of which 
16 to 17 p.c. was cadinene. In the distillation residue a substance 
(C.,,H,„0)j was found”). 

The aqueous distillate contains methyl alcohol, diacetyl and 
furlurol*). 

>) Pharm. Ztg. 45 (1900), 878. 

=) Arch, der Pharm. iW (1900), 149; 240 (1902), 288. 

') Liebig’s Annalen tWS (1912), 144. 

*) Report of Schimmel S Co. April 73. 
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440. Yucatan Elemi. Oil. 

Yucatan elemi is supposed to be derived from Amyris e/e- 
mifera (L.), Royle (A. Plumieri, D.C., family Rutaceae). 

Upon distillation the oleoresin yielded 8 to 10 p.c. of volatile 
oil, d,j, 0.945. The bulk of the oil distilled between 175 and 180‘ '). 


Family: BURSERACEJE. 

441. Oil of Myrrh. 

Oleum Myrrhte. - Myrrhenol. -- EesenCe tfe Myrrhe. 

Myrrh consists of the air dried juice, occurring, originally as 
emulsion in the bark parenchyma, of several species of the genus 
Commiphora of the family Burseracex. These shrubs grow wild 
in part and in part are cultivated in the countries bordering on 
the Red Sea -), more particularly along the Somali coast of East 
Africa®). They also flourish in parts of Arabia and of Persia. 

As to the numerous commercial varieties and their botanical 
origin, opinion is decidedly divided. Individual investigators enume¬ 
rate a number of species*) as botanical source. 

The numerous varieties differ considerably on account of their 
botanical origin and geographic source. The volatile oils from two 
of these, viz., the Heerabol and the Bisabol myrrh have been 
described. 

Heerabol Myrrh Oil. 

Origin. The Heerabol myrrh, official in the German Pharma¬ 
copoeia, is obtained from southern Arabia and the coast regions 
of Somaliland. In his "Die Harze und Harzbehaiter”, 2nd ed., 
Leipzig 1906, p. 891, Tschirch makes the following statement: 
"1 am of the opinion that it is too early to assign a definite 

‘) A. Tschirch and |. Cremer, Arch, der Pharm. 240 (1902), 316. 

*) E. Meyer, Botanische ErlSiiterungen zu Strabons Oeographie. K6nigs- 
berg 1852, p. 139. 

Dymock, Materia medica of Western India. Bombay 1885, p. 155. 

•) A. Engler, Syllabus der Hlanzenlamilien, V. Aull., Berlin 1907, p. 151. — 
Engler-PrantI, Die natOrlichen Ptiafizenlamilien, III. Tell, 4. Abt, p. 255. — 
G. Schweinfurth, Berichte d. deutsch. pharm. Ces. 3 (1893), 237. — E. M. Holmes, 
Pharmaceutical journ. (II (1898), 547; 76 (1906), 254; 91 (1913), 116. 
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440. Yucatan Elemi. Oil. 

Yucatan elemi is supposed to be derived from Amyris ele¬ 
mi f era (L.). Royie (A Plumieri, D.C., family Rutacese). 

Upon distillation the oleoresin yielded 8 to 10 p.c. of volatile 
oil, d, I,. 0.945. The bulk of the oil distilled between 175 and 180^'). 



Family: BURSEF(ACEj€. 

441. Oil of Myrrh. 

Oleam MyrrtB. - MyrrhenSI. — Ewentfk da Byrrha. 

Myrrh consists of the air dried juice, occurring, originally as 
emulsion in the bark parenchyma, of several species of the genus 
Commiphora of the family Bwreeraceac. These shrubs grow wild 
in part and in part arc cultivated in the countries bordering on 
the Red Sea''), more particularly along the Somali coast of East 
Africa’). They also flourish in parts of Arabia and of Persia. 

As to the numerous commercial varieties and their botanical 
origin, opinion is decidedly divided. Individual investigators enume¬ 
rate a number of species’) as botanical source. 

The numerous varieties differ considerably on account of their 
botanical origin and geographic source. Tlie volatile oils from two 
of these, viz., the Heerabol and the Bisabol myrrh have been 
described. 

Heerabol Myrrh Oil 

Origin. The Heerabol myrrh, official in the German Pharma¬ 
copoeia, is obtained from southern Arabia and the coast regions 
of Somaliland, In his "Die Harze and Harzbehiiler", 2n4l ed., 
Leipzig 1906, p. 891, Tschirch makes the following statement: 
"I am of the opinion that it is too early to assign a definite 

') A. Tschirch and |. Cremer, Arch, der Pharm. -40 (t902), 316. 

’) E. Meyer, BoUnixhe Erliutemageti zu Strabons Geograpfiie. Kftnigs- 
berg 1832, p. 139. 

’) Oymock, Materia medica of Western India. Bornttay 1685, p. 135. 

A.Engler, Sy/labus (ter Pf/anzdnfamilhn, V.Aufl., Berlin 1907, p. 151. — 
Ensler-Prantt, Die natSrlkhen PfIatiienlamUien, III. Tell, 4. Abt., p. 255. — 
G. Schwelnluith, Berichte d. deuisch. pharm. Get. 3 <1893), 237. — E. M. Holmes, 
Pharmaceutical loiim. 01 (1898), 347; TO (1906), 234; 81 (1913), 116. 
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species. This much only is true that a Commiphora species of 
northern Africa yields the drug.” In another place (p. 394) he 
writes that of the several species C. Myrrha (Nees) Engler var. 
liolmol, Engler is more probably the parent plant than any other. 

Heerabol myrrh may be distinguished from other varieties 
in this that its petroleum ether extract, when treated with bromine 
vapors, becomes turbid due to a violet flocculent precipitate and 
the solution itself is colored red. This color reaction is likewise 
peculiar to the volatile oil*) of which the drug yields 2.5 to 
10 p.c. on destination. 

Properties. Myr/h oil of commerce is viscid, its color is 
yellowish to greenish or brownish, its odor is that of myrrh. 
d^..0.988 to 1.024; «i,-3l to-93'-': n„.,„. 1.5197 to 1.5274; A.V. 
0.8 to 6; E. V. 16to40; E.V. after acetylation 32 to 65; soluble 
in about 8 to 10 vol. or more of 90 p.c. alcohol. 

Composition. An elementary analysis made by Kuickholdt 
which yielded results corresponding approximately with C,„H,,0, 
caused Fliickiger-) to test the oil for carvone. The result, 
however, was a negative one. 

Later K. Lewinsohn**) examined three commercial oils and 
an oil distilled by himself from Heerabol myrrh'), in which he 
found a number of constituents. 

Cuminic aldehyde, C,„H,jO (up to 1 p.c.), b.p. 116“ (12 mm.); 
m.p. of oxime 56°; m.p. of semicarbazone 201 . Oxidation with 
permanganate yielded cuminic acid, Cj„H,jO„, m.p. 114 to 115'. 

Of acids the presence of acetic and palmitic acids (m.p. 62 ’) 
only was definitely proven. In old oils both acids are found free 
whereas in freshly distilled myrrh oils they occur as esters. 


*) Older literature: Brandes, Buchhotz"Taschenbuch /HrScheidekiinstlei 
und Apothetrer ISJlt, 125. Braconnot, |ourn. de Pharm. 11.15 (1829), 288. — 
Bonastre, Buchner’s Repert. f. d. Pharm. 34 (1830), 293. — Ruickholdt, Arch, 
der Pharm. 91 (1845), 10. — Bley and Diesel, ibidem ill (1845), 304. 

«) Berl. Berichte 9 (1876), 471. 

") Arch, der Pharm. '344 (1906), 412. 

*) Lewinsohn suspects that in order to increase the yield, I p.c. of potas¬ 
sium hydroxide is added in the factories, to the residue after it ceases to yield 
oil upon distillation with water vapor abd that the distillation is then conti¬ 
nued. (Comp. A. Tschirch and W. Bergmann, Arch, der Pharm. 243 [1905], 641). 
In the factory of Sthimmel ft Co. this expediency is not resorted to. 
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Of phenols about 1 p.c. is present. In each of the four oils 
eugenol (about 0.23 p.c.; m. p. of benzoyl compound 69°) and 
small amounts of m-cresol were found. 

Fractional distillation over sodium yielded four hydrocarbons 
(terpenes) of the formula three of which were charac¬ 

terized: pinene') (m.p. of nitrosochloride 103'; nitrolbenzylamide 
and nitrolpiperidide); dipentene (m. p. of tetrabromide 124°); 
linionene (m.p. of tetrabromide 104°); the fourth hydrocarbon 
(I'l, -f-80' ; m.p. of tetrabromide 115’; m.p. of monohydrochloride 
6") could not be identified. 

From old oils a resin was separated by means of petroleum 
ether. This resin upon reduction yielded a hydrocarbon which 
yielded a hydrogen chloride addition product (m.p. 115 to 117 ) 
which Lewinsohn regards as probably identical with cadinene 
dihydrochloride. The sesquiterpene boils between 163 and 168’ 
(12 mm.); d,,,,0.926; -f-22.75'. A second sesquiterpene 

boiling between 151 and 154 (15 mm.); d..,,0.911; i 30.4', 
could not be identified. 

About the same time myrrh oil was examined by 0. von 
Friedrichs*). By shaking the oil with sodium carbonate solution 
formic and acetic acids were isolated, likewise a non-volatile 
acid melting at 159 , about the nature of which nothing further 
was established. Apparently it is derived from an ester contained 
in the drug. In order to isolate phenols, the oil was shaken with 
5 p.c. sodium hydroxide solution. The presence of eugenol could 
not be established. The bulk of the phenol mixture consisted 
of m-cresol (m.p. of tribromide 82°). With the aid of bisulphites 
or barium sulphanilate the presence of cuminic aldehyde and 
cinnamic aldehyde were established. 

The oil deprived of acids, phenols and aldehydes was saponi¬ 
fied with alcoholic potassium hydroxide. Phenol esters were not 
found but an acid in ester combination was isolated that cry¬ 
stallized in small, yellow crystals, which melted at 236°, to which 

') 0. von Friedrichs (Arch, der Pharm. [1907], 432) found no pinene 
in an oil examined by him, but detected it in an oil obtained from Schimmel 
S Co. He then draws the rash conclusion that turpentine oil had been added 
in the course of manufacture, which was not the case. Pinene is a normal 
constituent of oil of myrrh. 

") Arch, der Pharm. 24rt (1907), 432. 
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the formula C,,HjjOs COOH was assigned and which was named 
myrrhoUc acid. 

The remaining oil, which still possessed an intense odor 
of myrrh, was fractionated. A colorless fraction, with an odor 
of turpentine, had the following constants: b. p. 130 to 136“ 
(16 mm.); dj,5„.0.943; «„-14'12'; n,„„, 1.5125; mol. refr. 64.98. 
Hence it appears to be a tricyclic sesquiterpene with two para 
bonds and one ethylene bond. It was named heerabolene. For 
a sesquiterpene of this configuration the molecular refraction of 
64.45 was computed. A well crystallized bromide could not be 
obtained, neither a sqlid nitrosochloride or nitrosate. However, 
it yielded a crystalline hydrochloride, C„Hj^-2HCI which melted 
at 98 tp 99“. 

Upon oxidation of the oil in petroleum ether solution with 
oxygen an amorphous substance melting at 130 to 133“ was 
obtained. Presumably it is identical or closely related to the sub¬ 
stance formed by autoxidation of an oil observed by Lewinsohn. 

Bisabol Myrrh Oil. 

Origin. Bisabol or Bissabol myrrh, also known as Habag- 
hadi or Habbak Haddi, is obtained from the interior of Somali¬ 
land. According to Holmes it is in all probability identical with 
the opopanax (which see)') now in commerce. The parent plant 
of bisabol myrrh is a Commiphora species. According to Tschirch 
it is C. erythrxa, Engler, according to Holmes C. erythrxa, 
var., glabrescens, Engler. 

Unlike Heerabol myrrh, Bisabol myrrh does not yield the 
bromine reaction characteristic of the former, but may be 
recognized by‘the following reaction: If 6 drops of a petroleum 
ether extract of Bisabol myrrh (1:15) is mixed with 3 cc. of 
glacial acetic acid, and this solution placed in a layer over 3 cc., 
of concentrated sulphuric acid, a rose-red color results at the 
zone of contact and in a short time the entire glacial acetic 
acid layer is colored rose-red*). Under like conditions, Heerabol 

'I Although it may be assumed that the identity of Bisabol myrrh and 
the opopanax of this Burseracea has be^n welt established the two oils are 
being treated separately in this book for the time being. 

*) Arch, der Pharm. SSS (1897), 289. 

ClLOEMEISTER, THE VOLATILE OILS. III. 
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myrrh produces but a very faint rose color of the glacial 
acetic acid layer whereas the zone of contact of both layers 
is green. 

The volatile oil dissolved in petroleum ether (1:40) produces 
the same reaction, but much more faintly. Bisabolene, however, 
does not produce the color reaction. 

Properties (See also opopanax oil). An oil which W.Tucholka^) 
had obtained from the resin, with a yield of 7.8 p.c., was limpid 
and of light yellow color. d,4o0.8836; —14°20'; it boiled 

between 220 and 270°. 

Composition')- Upon passing hydrogen chloride into the 
ethereal solution of the oil, 6.5 p.c. of a hydrochloride was 
obtained which melted at 79.3° and was optically active 
([«]j, — 35° 17' in chloroform solution)*). When boiled with 
sodium acetate in glacial acetic acid solution it yielded a 
sesquiterpene called bisabolene. Later this was found in a 
number of other oils (See vol. I, p. 328). 

442. Opopanax Oil. 

Whereas genuine opopanax") is obtained from an umbelli¬ 
ferous plant (presumably Opopanax Chironium, Koch), the drug 
now in the market, also known as opopanax of the Burseraceae, 
is derived from a species of Commiphora. Presumably, as 
mentioned above, it is identical with Bisabol myrrh. From it 
the volatile oil is distilled. In collections of Chinese drugs it is 
commonly designated myrrh and has, no doubt, frequently been 
confounded with this drug. According to Holmes it is, indeed, 
the myrrh of the Bible. 

Upon distillation the opopanax of the Burseraceae yields 5 
to 10p.c. of an oil of a greenish-yellow color and an agreeable, 
balsamic odor. Exposed to the air it resinifies quickly. 

*) Arch, der Pharm. 3Se (t897>, ^9. 

*) On the strength of his analyses and molecular weight determinations 
Tuchotka supposed that he had obtained a dihydrochtoride (Ci«Hm2HCI),. This 
assumption, however, has been proven erroneous. Bisabolene has the formula. 
CmHh, hence is not a terpene but a sesquiterpene and yields a trihydro¬ 
chloride CiiHu3HCi. 

") Opoponax, as the word is frequently written, is less correct 



'Out; 


ProperMei. d,..0.870 to 0.905; to -14°; n„„.1.489 
to 1.494; A. V. up to 3; E. V. 7 to 20; E. V. after acetylation 
40 to 55. From 1 to 10 vol. of 90p.c. alcohol are requisite to 
effect solution. 

Composition. In an oil distilled by themselves, Schimmel S Co.‘) 
proved the presence of bisabolene (See vol. I, p. 328). The 
hydrocarbon regenerated from its trihydrochloride (m. p. 80°) 
boiled between 114 and 115° (3 mm.) and, when saturated with 
hydrogen chloride, again yielded the trihydrochloride melting at 
80°. In order to detect, if possible, any sesquiterpene alcohols 
in the tough, browp distillation residue, it was heated with 
phthalic acid anhydride to 100°. Upon treating the reaction 
product in the usual manner, it yielded a phthalic ester acid, 
which upon saponification with alcoholic potassium hydroxide, 
yielded an alcohol that was extremely difficultly volatile with 
water vapor. This alcohol, obtained in small amount, distilled 
in vacuo (2 mm.) between 135 and 137°. It is a very viscid, 
colorless oil with the peculiar odor of opopanax. With phenyl- 
/socyanate it yielded a crystalline phenylurethane the melting 
point of which, however, could not be obtained constant in spite 
of several recrystallizations. Apparently it represents a mixture. 

443. Mecca Balsam Oil. 

Mecca balsam or balsam of Gilead (Baisamum de Mecca 
ve! gileadense seu judaicum vel Opobalsamum vetvw) is the 
secretion obtained from the tips of shoots or from incisions 
of Commiphora Opobalsamum (L.), Engl, (family Burseraceae) 
which occurs in southwestern Arabia and in Somaliland. 

In Oriental medicine this balsam plays an important role. 
Possibly it never has entered European market in a pure 
condition, hence the results of the few investigations must be 
taken cautiously. 

The volatile oil of the balsam was first prepared by 
). B. Trommsdorff*) who found himself in possession of a 
presumably pure drug that had been shipped in conical lead 


‘) Report of Schimmel S Co., October IWt, 67. 

•) Trommsdorffs Weues lourn. der Pharm. 16, I. (1828), 62. 

8 * 
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flasks. Upon distillation with water vapor, 40 p. c. of an oil, 
with an odor reminding of lemon and rosemary, were obtained. 
A few years later Bonastre*) mentions a yield of only lOp.c. 
A. Baur*) describes the oil, which likewise had been obtained 
by steam distillation, as a liquid with a turpentiny odor, the 
bulk of which distilled over between 153 and 157° (uncorr.). 

444. Frankincense or Olibanum Oil. 

Oleum Olibanl. — Welbrauch- Oder Olibamimol. - Eaaence d'Oliban. 

Origin and Production. In Somaliland and southeastern 
Arabia frankincense is obtained from BosweUia Carterii, Birdw. 
and other species of BosweUia (family Burseracex). Upon 
making incisions into the bark of the trees, a white emulsion 
exudes. After a time this congeals to yellow granules (tears 
or drops) which are either removed from the trunks or picked 
up from the ground. 

Upon distillation with water vapor, frankincense yields from 
5 to 9 p.c. of volatile oil. 

Properties. Olibanum oil is colorless or yellowish and has 
an agreeably balsamic and faintly lemon-like odor. d,„„ 0.876 to 
0.892. Whereas the former oils were lasvogyrate, up to —17° 
(comp, the first edition of this text-book), the oils distilled in the 
last ten years arc dextrogyrate, «|, up to -f 29°. This would 
seem to indicate that the oleoresin is now collected principally 
from another species. n„,,„. 1.472 to 1.482; A.V. up to 3; E. V. 5 
to 16; E. V. after acetylation 46.7 (one determination); soluble in 
4 to 6 vol. of 90 p.c. alcohol, occasionally with slight turbidity. 

Composition. The laevogyrate olibanum oil (See Properties) 
distills over mainly about 162'•'). After repeated fractionation a 
Ijevogyrate hydrocarbon C,„H„ boiling between 157 and 160° 
results. With hydrogen chloride it yields a monohydrochloride ^) 
melting at 127", with amyl nitrite and hydrochloric acid a nitroso- 
chloride melting at 100 to 101°. When boiled with alcoholic 

') |oum. de Pharm. IK (tS32), 333. 

*) Arch, der Pharm. 288 (1895), 240. 

’) |. Stenhouse, Liebig’s Annalen 35 (1840), 306. 

*) A. Kurbatow, Ibidem 178 (1874), 1. 



Frankincense or Olibanum Oil. 


117 


potassium hydroxide the latter is converted quantitatively into 
nitrosopinene C,„H, 5 MO melting at 130'. Hence it follows that 
the terpene boiling between 157 and I60“, the olibene of Kur- 
batow, is \-tt-pinene'). Fraction 177 to 179", upon broinination, 
yields dipentene tetrabromide-). Hence the second constituent 
of the oil is dipentene. Inasmuch as olibanum oil yields the 
phellandrene reaction with sodium nitrite and glacial acetic acid, 
the third terpene contained in the oil is phellandrene '). In the 
highest boiling portions the presence of cadinene has been 
demonstrated. 

The terpenes of the dextrogyrate oil (d| 5 .0.8775: «„ i 19 18'; 
n|,..„ 1.47245; A. V.*l.8; E. V. 7.5) have been examined by 
Schimmel i!( Co.*). From 6 kg. of oil 4.7! kg. of terpenes and 
1.29 kg. of higher boiling products were obtained by fractionation. 
Of the terpenes about 92 p.c. boiled between 156 and 161", 
about 5 p.c. between 161 and 163" and about 4 p.c. between 
163 and 181". In fraction 156 and 157' (d,., 0.862 to 0.863; 
((„ I- 30'58') the presence of i- and d-c-pinene was demonstrated 
by the nitrosochloride and the nitrolpiperidide (m. p. 118"), also 
by its oxidation to pinonic acid (b. p. 170 to 175' under 7 mm. 
pressure: m. p. of the active acid 69 to 70 , of the inactive acid 
104"). In all fractions 158 to 164° the presence of camphene 
was demonstrated by its conversion into borneol melting at 210 
to 211'. Dipentene was recognized by means of its tetrabromide 
melting at 124', and p-cy/Horre by oxidation of the last fraction, 
by means of permanganate, to yo-hydroxy/sopropyl benzoic acid 
melting at 156". .^f-Pinenc, phellandrene and terpinene were not 
present. 99 p.c. of the terpene fractions consisted of (/-pinene 
and camphene and but 1 p.c. of dipentene and cymene. 

According to H. HaenseF'), olibanum oil contains an alcohol 
C..«Hj,0, named olibanol. It is a viscid oil which does not con¬ 
geal in the cold and possesses an agreeable olibanum odor. B. p. 
205 to 212' (17 mm.), 333 to 334' (751 mm.); d,„. 0.9570 to 0.9596; 
(f„ —65.05'to 71.50". 

■) Wallach, Ibidem 258 (1889), 100. 

*) Observations made in the laboratory of Schimmel S Co. 

”) Wallach. Liebig’s Annalen 271 ?I892), 297. 

*) Report of Schimmel S Co. April 1914, 62. 

n Chem. Zenlralbl. I«08,1. 1837; l«W, II. 1437. 
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The substance designated olibanol by E. Fromm and E. Autin‘). 
is very different. It boils at 210 to 211° and has the formula C,oHj,0. 

Olibanol has the properties of an alcohol, probably also those 
of a ketone. This may be because it is a mixture of two sub¬ 
stances, or because the substance has the capacity to react in 
two tautomeric forms. Upon oxidation with potassium perman¬ 
ganate in aqueous solution, olibanol yields a dibasic liquid acid 
The constitution of this acid has not yet been ascer¬ 
tained. In addition, olibanol loses one carbon atom and yields 
pinononic acid, CjHj^Oa. The proof that the substance in question 
is really pinononic acid was demonstratec^ by treating it with 
alkaline bromide-hypobromite solution when bromoform and nor- 
pinic acid resulted. In addition, pinononic acid was characterized 
by the preparation of its oxime (m. p. 187°) and its semicarbazone 
(m. p. 209°). However, the structure of olibanol cannot be defi¬ 
nitely inferred frdm the oxidation results. 

From the oxidation liquid of the olibanol, d-borneol was iso¬ 
lated (m. p. 201 to 202°), so that it may be assumed that olibanum 
oil contains some borneol ester. 

445. Mexican Linaloe (Lignaioe) Oil. 

Oleum Uualoes. — Mexlkanltehes Llntloelil. — Eeaenoe de Unaioi du Mexique. 

Origin and Production. Mexican linaloe oil is obtained from 
the wood and occasionally from the fruits of several species of 
Bursera, more particularly from B. Delpechiana Poisson, presu¬ 
mably it is also obtained from B. Aloexylon (Schiede), Engl. (Ela- 
phrium Aloexylon, Schiede; Amyris Linaloe, La Llave); probably 
also from B. glabrifolia (H. B. K.), Engl. (B. penicHlata [M09. et 
Sessd], Engl.) and B. fagaroides, Engl. var. ventricosa, which is 
reported to have a caraway-like odor*). 

The wood, known in Mexico as Lignaioe or Linalue, also as 
Bois de citron du Mexique, occasionally is found in commerce 
in trunk-like pieces of the thickness of a thigh. They are mostly 
deprived of their bark, have an ash-gray exterior and are we- 
thered. The cross section of the spongy, light wood reveals brown, 

>) Uebis's Annalen m (1913), 253. 

') E. M. Holmes, Mexican Llgnaloes. Perfum. Record 1 (1910), 57. 



close concentric rings*). Wood distilled in Europe yielded 7 to 
9 p.c. of oil. 

As a rule the oil is distilled by the Mexican natives. Accord¬ 
ing to information secured on the spot*), the oil is produced 
from two distinct but closely related species, viz. from the Spanish 
Linatoe and the Copal limon. The former has been almost com¬ 
pletely exterminated, whereas the latter is still abundant. Accord¬ 
ing to external characteristics and odor, the natives distinguish 
three varieties: fine, common, and caraway linaloe (possibly B. 
fagaroides, Engl. var. ventricosaf). The fine linaloe has a delicate 
and pleasant odor, the common is less agreeable, and the third 
has an odor reminding of caraway. The wood of the linaloe tree 
is said to be more compact than that of the Copal limdn which 
is chai’acterized as spongy. The commercial oil is distilled largely 
from the wood of the Copal limdn. This tree (fig. 14) makes no 
great demand, growing on rocky soil. Although 't can readily 
be propagated by means of cuttings, nobody seems to think of 
its propagation, though the young trees cannot be used for the 
production of oil until they are twenty years old. In recent years 
the oil that enters commerce is said frequently to have been 
obtained from fruits as well as wood. The fruits mature in Sep¬ 
tember. The fleshy, greenish to red berries are of the size of 
Spanish peas (garbanzo). They are sold in Carga quantities 
(one carga =- 96 liters). The oil yield is 3 p.c. and is larger than 
that of the best wood. The distillation begins in july and continues 
into September. The fruits are removed by means of a crescent¬ 
shaped instrument so as to injure as little as possible of the 
flesh. The oil obtained by distillation possesses a herbaceous 
odor and resinifies very readily. For this reason it is not sold 
as such, but is added to the oil from the wood, which has better 
keeping qualities, in order to increase the quantity of the oil, 
also to improve it, the Indians subject the berries to a process 
of fermentation, previous to distillation, which causes the herba¬ 
ceous odor to disappear. For this purpose they place the unin¬ 
jured berries in boxes, cover them with bags, and thus subject 

*) The wood has been described by ). Collins, Pharmaceutical |oum. II. 
le (1869), 590. 

•) Report of Schimmel 6 Co. October IW;, 59. — Comp, also Report of 
the bwtituto Midico Macional, Mexico 1904, fanuary to March. 
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them to a uniform temperature for 3 to 4 days which causes 
them to mature (?) more fully. 

The wood oil is best distilled from very old trees, 40 to 60 
years old. In the case of young trees the attempt is made to 
increase the yield of oil by notching the stems. The increased 
yield of oil thus produced is to be regarded as as pathological 
product. The wounding is effected by removing strips of bark 
and wood 40 cm. long, 20 cm. wide and 5 cm. deep, either pa¬ 
rallel to the axis of the stem or better diagonally thereto. If the 
removal of such a strip reveals that the tree has a “heart” /. e. 
a yellow colored, strongly aromatic wood, it can be used directly 
for distillation. If the tree has no “heart”, it is allowed to stand 
with open wound so that it may acquire a "heart”. For this pur¬ 
pose the wound is so inflicted that the rain water flowing down 
the trunk will not pass over the wound; the upper end is pointed 
and the lower margin made slanting so as not to accumulate 
foreign material that might cause decay. Should decay never¬ 
theless set in, the injured parts are removed so as to prevent 
the spread of the decay and not to interfere with the production 
of the oil. If there is no interference, a change in the color of 
the wood may be observed after a few days. After a month a 
large part of the wood which was previously white and soft, has 
been changed to yellow and is much more strongly aromatic. 
The Indians were induced to adopt this practice by the observ¬ 
ation that linaloe roots frequently contained so much oil that 
it could be expressed with the fingers, also that trees which 
had accidentally lost branches through wind storms, produced 
much oil and were very much changed in the course of years. 
This wounding, which converts trees poor in oil into trees rich in 
oil is done in April and September. The April wounding is not 
as effective as the wound inflicted in September. In either case 
the trees do not “mature” until january when the sap rises. During 
the months of October and November the trees lose their leaves. 

The distillation is conducted principally from December to 
)une in the most primitive manner. The wood of the trunk only 
is used. Many of the smaller distillers are wild Indians who do 
not speak Spanish. Real factories do not exist. The reason is 
presumably to be found in the (difficult conditions of living in the 
linaloe districts. Vermin abounds and the Indians are inflicted 
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with contageous skin diseases (leprosy, 8(C.). The yield of oil 
obtained in Mexico from the wood amounts at most to 2.5 p.c. 



In Puebla the production amourtjs to about 4000 to 5000 kg. 
annually. The oil is shipped in petroleum canisters of 16 to 17 kg. 
capacity, two of which are crated together. 


Fig. 14. Linaloe tree (Copal Umon) in winter. 
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A representative of Schimmel 8i Co. had occasion to visit a- 
distillery belonging to Lino Castillo, of Chiautia, Puebla. It is a larger 
village that may be reached from Puebla City in eleven hours. Whereas 
the elevation of Puebla is 2100 m. that of Chiautia is but 300 m. in a 
hilly country difficult of access and with little vegetation in spots. 

With the exception of the copper helmet, all parts of the still are 
made of galvanized iron. The still, which is heated by direct fire, has a 
height of 1.5 m. and a diameter of 1.15 m. The lower part is provided 
with a piece of iron pipe wliich is closed with a wooden plug around 
which banana leaves are wrapped. Through it the water is drained 
off at the completion of the distillation. The helmet, which itself is 
provided with a condenser, is connected with'a barrel condenser by 
means of two pipes. A pail or petroleum canister serves as receiver. 

The stills are usually erected near a mountain stream and 
frequently remote from the trees that yield the material. The 
capacity of the apparatus is about 250 kg. of chips with which 
it is filled up to about 25 cm. from the upper margin. Enough 
water is added to cover the chips but so as to leave a margin 
of about 18 to 19 cm. when the cover is placed in position. The 
luting is effected with a black clay supported by wet rags. 

A single still demands a force of six or seven Indians, four 
of whom comminute the wood. It is cut into thin slabs which 
are immediately transferred to bags in order to prevent evapora¬ 
tion of the volatile oil. One man can comminute between 70 and 
100 kg. daily. A fifth man tends to the fire which is kept up 
exclusively with exhausted wood as fuel. The sixth man watches 
the distillation which requires from 18 to 20 hours per charge. 

The price paid at the still for wood is 50 centavos (25 cents) 
for one arroba (--11.5 kg.). 

An oil distilled in Chiautia and secured on the spot, which 
probably had been obtained from Bursera Alcsxylon, Engl, had 
the following properties: color, light yellow; dj,.0.8836; —10°58'; 

nyj„. 1.46377; A.V. 5.6; E.V. 19.3; soluble in. 1.8 vol. or more of 
70p.c. alcohol. 

Another oil distilled in Tepecuacuilco, Guerrero, under the eyes 
of the collector, had the following properties: 8^.0.8869; a„—10°6'; 
A.V. 2.8; E.V. 18.3; soluble in 1,7 vol. or more of 70p.c. alcohol*). 


‘) Report ot Schimmel 2i Co. October 1907, 59. 
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The area in which Mexican linaloe oil is distilled, covers 
parts of the districts (states) of Oaxaca, Puebla, Guerrero, 





Morelos, Michoacan, and Colima. A special centre of production 
is found along the Rio Balsa, also known as Rio Mescala. The 


Fig. 15. Area of production of Mexican linaloe oil.- 
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localities in which the oil is distilled are: Oaxaca: Cuicatlan, 
Calihualac, Ingenio de la Pradera. Puebla: Chiautla, Chila, 
Coacalco, San )uan del Rio, Tzicatlan, Tulzingo, Teotlalco, 
jolilpa, Coctzala, Ixcamilpa, Ocotlan, Huehuepiaxtla, Axutla, 
Huachimantia, Atopoltitlan. Guerrero: Olinala (hence the original 
name of the oil “olinaloe"), Cualac, Iguala, Tepecuacuilco, Xalitia, 
Atzcala, Balsas, Cazalapan. /Morelos: Hacienda Calderon. 

Properties. The linaloe oil of commerce is a water-white 
or yellowish liquid of a pleasant odor'); d,„, 0.875 to 0.891; 
((„ •-3 to - 14 ; n,,,,,,,, 1.460 to 1.465; A.V.upto3.0; E.V.lto42-); 
soluble in 1.5 to 2 vol. of 70 p.c. alcohol .and in 4 to 5 vol. or 
more of 60 p.c. alcohol. 

Four oils distilled under supervision and taken directly 
from the receivers (comp. p. 122) had the following properties: 
d„. 0.8826 to 0.8869; —10 6' to — ir'35'; n,,.,,,, 1.46179 to 

1.46426; A.V. 1.8 to 5.6; E.V. 7.0 to 19.3; soluble in 1.7 to 1.9 vol. 
or more of 70 p.c. alcohol. 

From the high optical rotation of these oils, the inference 
may be drawn that the lesser rotation of the commercial oils 
is due to admixture of the strongly dextrogyrate seed oils. 
That this practice prevails has already been pointed out under 
"Production”. 

Oils with somewhat different properties, notably as to specific 
gravity, were obtained by Schimmel 8t Co. from wood that was 
imported during the years 1895,'96. d,,„0.8842to 0.900; .(,, — 7 2' 
to — 19'’24'; S.V. 8 to 9. The high specific gravity is accounted 
for by the large linalool oxide content which, judging from the 
odor, must be present in the oil. 

According to Roure-Bertrand Fils’), the dextrogyrate oil that 
occasionally finds its way into commerce is the seed oil. With 
the exception of the optical rotation, which may be as high as 
-8 , the properties of this oil are the same as those of the 
wood oil. 

') The odor, which Is mostly described as lemon or rose-like, has not 
the least re.semblance with the odor of either roses or lemons. 

•) Occasionally ester values as high as 75 have been observed, though 
adulteration could not be detected.’ Oils of this type had a decided odor 
of linalyl acetate. Report of Schimmel 8i Co. October 1812, 80. 

’I Berichte von Roure-Bertrand Fils October 1907,16; October t»0b, 18. 
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Composition. Linaloe oil consists to the extent of 60 to 70p.c. of 
an alcohol, C,„HjjO, which boils at 198 to 199’ and which Morin') 
first isolated from Cayenne oil and named iicareol. Semmler ') 
then found it in the Mexican oil and upon closer examination 
ascertained that it was an aliphatic terpene alcohol and named 
it linalool. At first P. Barbier") regarded linalool and Iicareol 
as different, but later he admitted their identity'). The linalool 
of the wood oil is lasvogyrate, that of the seed oil is dextrogyrate. 

According to Schimmel 5 Co., those portions of the wood 
oil that boil higher than linalool contain d-u-terpineol melting 
at 35 ’ +29° 45'; m. p. of nitrosochloride 112°; m, p. of 

nitrolpiperidide 151 to 152")'), also geraniol (m. p. of diphenyl- 
urethane 82°)*)“). 

An alcohol which previously had not been found in nature, 
viz., methyl heplenol, was likewise found in this oil by Schimmel 
Co.'). It was isolated from one of the lower fractions boiling 
at 57 to 59 (2 to 3 mm.). Having been heated with phthalic 
acid anhydride for four hours on a water bath, the reaction 
product was treated in the usual manner. From the solution 
of the sodium salt of the acid phthalic ester steam distillation 
with alkali caused the isolation of an oil that reminded of octyl 
alcohol and methylheptenone. Its constants and the oxidation 
with chromic acid revealed it to be methylhcptenol. The following 
properties were observed: d,.., 0.8579; — 1’34'; n„,^„. 1.44951; 

b.p. 58 to 59’ (3 mm.), 178 to 180° (under ordinary atmospheric 
pressure). The results of an elementary analysis were also in 
agreement with the formula C,H,„0. Upon oxidation with chromic 
acid anhydride in glacial acetic acid solution, methylheptenol 
yielded a ketone, methyl heptenone, which also has been found 
to occur in linaloe oil“). (M. p. of semicarbazone 135 to 136’.) 


■) Compt. rend. 92 tl88l), 998 and 94 (1882), 733. - Anna), de Chim. et 
Phys. V. 25 (1882), 427. 

•) Berl. Berichte 24 (1891), 207. 

•■') Compt. rend. 114 (1892), 674 and 116 (1893), 883. 

•) Ibidem 121 (1895), 168. 

') Report of Schimmel & Co. October 1960, 43. 

") Ibidem April 1892, 37. ' 

’) Ibidem November 1908, 84. 

') Ibidem October 1894, 36. 
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According to Barbier*), linaloe oil is said to contain dimethyl- 
heptenol, a claim which, however, is merely based on the odor 
of a given fraction. 

Unalool oxide, although it is contained only in 

traces in the oil, imparts to it a peculiar stuffy odor. A larger 
percentage of this substance is to be found in the oil distilled 
in Europe than in the oil distilled where the tree grows (comp, 
p. 124). Presumably its formation is due to oxidation of the 
linalool in the wood saturated with air. 

Unalool monoxide was first prepared by N. Prileshaev’'). 
Comparison of the synthetic product with the substance found 
in linaloe oil enabled Schimmel 8) Co.") to* establish the identity 
of the two. Both substances yield with phenyl/socyanate a reaction 
product which solidifies only after having stood for montlis. The 
oily substances are removed by steam distillation and the residue 
is dissolved in petroleum ether, upon the evaporation of which 
the solid phenylurethane is left behind. Upon repeated recrystalli¬ 
zation from dilute methyl or ethyl alcohol, prisms with a m. p. 
of 58.5 to 59" (synthetic) and 59 to 60° (natural) are obtained. 
The mixture of both phenylurethanes reveals no melting point 
depression. 

According to P. Barbier and L. BouveaulU), linaloe oil also 
contains 3p.c. of sesc/uiterpenes, further 0.1 p.c. of a monatomic 
and an equal amount of a diatomic terpene. Further data, however, 
are wanting. 

That other hydrocarbons occur in the oil was shown by 
the investigations of Schimmel g( Co.*). 

While working on a larger amount of linaloe oil, a remarkably 
light, slightly optically active oil (d„.0.7727; On.-t-l°46') was 
isolated which, under 18 mm. pressure, began to boil at 42° 
and, under ordinary pressure, distilled between 108 and 170°. 
After repeated fractionation under ordinary pressure over sodium, 
fractions were obtained that were optically inactive and the low 
density of which indicated petroleum hydrocarbons. Elementary 

*) Compt. rend. 138 (1898), 1423. 

•) Berl. Berlchte 48 (1909), 4811. 

’) Report of Schimmel Si Co. flctober 1912, 78. 

‘) Compt. rend. 121 (1895), 168. 

■') Report of Schimmel 5 Co. April 1909, 69. 
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analysis revealed that fraction 120 to 145" consisted of octylene 
and nonyhne and their isomers. A fraction having the boiling 



joint of octylene had the following properties d.,.0.7396: ± 0“; 

i„,j.l.41255: b. p. 122 to 125°; and upon analysis yielded results 

in harmony with its composition. 
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Likewise, the physical constants and the results of the 
analysis of a nonylene fraction were in complete agreement 
with the composition and constants of this olefine: b. p. 139 to 
142"; d,,,0.7477; «„ i O'; n„..,„. 1.41808. 

Whether octylene and nonylene are normal constituents of 
the oil, or whether they represent added petroleum must remain 
undecided. That they should have been added to the oil as 
adulterant does not seem probable. For such purposes the 
amount was too small, being but 1 to 2 p.c. it may be that 
their presence can be explained by the use of petroleum canisters 
which had not been drained properly. 

In addition it could be shown that the lower fractions of 
linaloe oil contained an oleiinic terpene, in additipn to a 

terpene proper. This olefinic terpene is probably identical with 
myreene. A fraction which was used for the identification of 
this terpene, after the removal of methylheptenone, had the 
following properties; b.p. 63 to 65" (16 mm.), 169 to 173 ' (under 
ordinary pressure); d„.0.8243; u„ -h0"32'; ni,,„. 1.46476. The 
results of an elementary analysis yielded results in agreement 
with the formula. When treated with glacial acetic acid-sulphuric 
acid, an alcohol with the properties of myrcenol, and upon 
reduction a hydrocarbon with constants in fair agreement with 
those of dihydromyrcenc were obtained. However, crystalline 
derivatives could not be obtained cither from the alcohol or the 
reduction product. 

The terpene mentioned above, which accompanied the olefinic 
terpene, could not be identified either as bromide, as nitroso- 
chloride, or as nitrosite. Its presence, however, was indicated 
by the optical rotation, -t- 8" 41' of fraction 65 to 72° (16 mm.). 

According to Schimmel 8; Co., the dextrogyrate oil mentioned 
on p. 124 contains d-linalool (m. p. of phenylurethane, 65°; 
in 10 p.c. alcoholic solution 1"6')^), as principal constituent, 
also Ufterpineo! melting at 35° (m.p. of phenylurethane 112°)’); 
further geranio! (m. p. of diphenylurethane 82°)*) and nero! 
(m.p. of diphenylurethane, 51 to 53°)*). The last-mentioned 
alcohol may also occur in the tevogyrate linaloe oil. 

4 

') Report of Schimmel S Co. October KMM, 56, footnote I. 

Ibidem October 1905, 46. 
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Adulteration. The adulteration of linaloe oil with fatty oils, 
which has been observed here and there, is readily detected by the 
solubility test and by the greatly increased ester value. It should be 
noted, however, that occasionally oils with a high ester value (up 
to 75) have been observed*), an adulteration of which could not be 
proven. In such cases the high ester value had to be attributed to 
the presence of linalyl acetate. These oils naturally complied with 
the solubility requirements enumerated under Properties. 

In one instance adulteration with terpineol'*) was ascertained. 

In doubtful cases repeated fractional distillation will render good 
service in passing judgement on the purity of an oil. From good oils 
as much as 62 to 72 p.c. of a linalool fraction can be obtained. 

As^ substitute for linaloe oil, shiu oil (see vol. II, p. 508) 
has been recommended repeatedly in recent times. Inasmuch 
as adulteration with this oil suggests itself, it may be well to 
bear this in mind. In as much as shiu oil contains camphor, 
the detection of the presence of this ketone in a linaloe oil may 
be regarded as adulteration with shiu oil. For this purpose 
either of two methods may be employed*). 

Detection of camphor by means of semicarbazide hydro-, 
chtoride. To 25 gr. of oil distilled with water vapor a mixture 
of 1 g. semicarbazide hydrochloride, I g. sodium acetate and 
25 cc. 90 p.c. alcohol is added. After standing 24 hours, 1 g. 
of sodium bicarbonate is added and the mixture distilled with 
steam. The distillation residue, contained in a dish, is eva¬ 
porated somewhat on a water bath and then allowed to cool, 
when the camphor semicarbazone separates out. This may be 
admixed with some hydrazodicarbonamide, a decomposition pro¬ 
duct of the semicarbazide hydrochloride. ■ From the filtered 
precipitate the semicarbazone is dissolved with little alcohol, the 
hydrazodicarbonamide remaining behind. Upon evaporation of 
the alcohol the camphor semicarbazone is recovered. Hydrolyzed 
with dilute sulphuric acid it should reveal a decided odor of 
camphor. As a rule the melting point of the semicarbazone is 
not distinct because of admixed impurities which can be removed 


*) Report of Schimmel 6 Co. October 11W2, 80. 
•) Ibidem October 1909, 77. 

^ Ibidem October 1918, 71. 

OltDtMH»TtR, Tlle VOLAIILt OILS. III. 
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only by repeated crystallizations. For this purpose the amount 
of substance is not apt to be sufficient. 

With the aid of semicarbazide, the addition of 1 p.c. of cam¬ 
phor in linaloe oil can still be detected, more particularly if the 
reaction mixture is allowed to stand for more than 24 hours. 
A quantitative determination, however, is out of the question. 
Thus, a mixture of 80 p.c. linalool and 20 p.c. camphor yielded 
but II p.c. of the latter after two days. The other disadvantage 
of the method is that it requires so much time. 

Much better results are obtained by determining the camphor 
by means of oxidation with potassium permanganate. In this 
manner the camphor content can be ascertained readily and 
with great accuracy. 

For this purpose 50 g. of potassium permanganate and 300 cc. 
of water arc transferred to a flask of 2 liter capacity and cooled 
by means of ice. With the aid of a graduated separating funnel 
10 g. of linaloe oil are added drop by drop so as to require 
'hour. The oil, which becomes very warm, is readily oxidized 
to a soluble product. After the reaction has been completed 
and the mixture no longer becomes warm (after about 2 hours), 
about 200 cc. of water are added and the unchanged camphor 
is distilled over with water vapor. 

In this manner the addition of 1 p.c. of camphor or of 10 p.c. 
of shiu oil to linaloe oil could be detected. This test can be 
carried out in about 4 hours and is well adapted to the quanti¬ 
tative determination of camphor in linaloe oils adulterated with 
shiu oils. For the quantitative determination, salt should be 
added to the aqueous distillate and the latter shaken out repeat¬ 
edly with ether. The ethereal solutions arc combined and the 
residue weighed after the evaporation of the ether. 

20 g. of mixtures of linalool and camphor being used the 
following results were obtained: — 

From 80p.c. linalool and 20 p.c. camphor 20 p.c. camphor were recovered, 
„ 05 „ „ „ 5 „ „ 3 to 4p.c. „ „ „ 

00. 1 „ „ 0.75 .. 

This method being applied to a shiu oil (d,B„ 0.8790; k,, —1TIO'; 
A.V. 0; E.V. 3.7; soluble in 3.?vol. or more of 60 p.c. alcohol), a 
camphor content of 11.6 p.c. was ascertained. Linaloe oil, tested 
according to both methods, proved to be entirely free from camphor. 
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446. Carana Elemi Oil. 

From Carana elemi from Pmtium Carana (Humb.), L. March, 
(family Burseracex) A.Tschirch and 0. Saal‘) obtained a vola¬ 
tile oil the odor of which reminded of fennel, dill and lemon and 
which distilled principally between 170 and 172'. 

447. Conima Resin Oil. 

The resin of Ictca heplaphylla, Aubl. (Protium hvplaphyllum 
[Aubl.], L. March., family Biirseracea.'), known as conima resin 
and as fiyawa gum is used as substitute for frankincense in 
liritish Guayana, it contains traces of a volatile oil'-') which can 
be obtained by steam distillation. 

Tire oil is yellowish and distills principally between 260 and 
270", The highest fractions have a bluish-green color. Distilled 
over sodium, a sesquiterpene, conimenv, boiling at 264 

was isolated. 

448. Manila Elemi Oil. 

Oleum Elemi. - Manila-ElemiSI. — Essence d’Elemi. 

Origin and Production. Manila elemi, known in commerce 
as elemi, is a soft, whitish turpentiny mass, which dries up in 
contact with air. it becomes waxy and acquires a yellow color. 
Until recently the botanical origin of this oleoresin, known as 
Brea in the Philippines, was not definitely known. E. D. Merrill''), 
however, has shown that the elemi tree, known as PiH by the natives, 
is Canarium luzonicum (Miq.), A. Gray (family Burscraceae ).. 

According to R. F. Bacon') the resin flow is at its maximum 
when the tree produces new leaves. In Atimonan, district of 
Tayabas, the principal district of production, this takes place in 
January and June. During other parts of the year when the tree 
loses its foliage, it yields no resin. For the purpose of produc¬ 
ing the balsam, the natives make incisions with their bolos. 
The oleoresin flows on the bark from which it is removed every 
few days before it has become dirty and hard. Flealthy, fully 


') Arch, der Phartn. 241 (1903), U9. 

') |. Stenhouse and C. E. Groves, l.iebig’s Annalen ISO (1876), 253. 
’) Gov. Lab. Pub. Manila 29 (1905), 51. 

*) Philippine )ourn. of Sc. 4 (1909), A, 93. 
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developed trees yield, on an average, as much as 4 to 5 kg. 
of balsam annually. A large tree yielded as much as 22 kg. of 
elemi in 2 months. In the fresh condition in which it exudes 
from the tree, this is always soft and becomes hard only when 
exposed to air and sunlight. Upon distillation with water vapor 
it yields 20 to 30 p. c. of oil. 

Properties. Elemi oil of commerce is colorless or light yellow 
and possesses a decided odor of phellandrene. d,„„ 0.870 to 
0.914; «„ i 35 to +53‘‘); n,,,,,.1.479 to 1.489; A.V. up to 1.5; 
E.V. 4 to 8; soluble in 0.5 to 5 vol. of 90 p.c. alcohol, mostly 
soluble in 5 to 10 vol. of 80 p.c. alcohol. With sodium nitrite and 
glacial acetic acid the oil yields a decided phellandrene reaction. 

Composition. According to Wallach-), the fraction‘boiling 
below 175 contains A-u-phellandrene. In fraction 175 to 180° 
dipentene is abundant. It is specially suited for the preparation 
of dipentene derivatives. The dipentene was identified by means 
of its tetrabromide melting at 125°, its nitrosochloride and the 
conversion of the latter into the carvoxime melting at 93 \ 

The elemi oil of Deville") likewise must have contained di¬ 
pentene since it yielded a solid dihydrochloridc. 

In addition to these terpenes and polyterpenes, elemi oil also 
contains oxygenated substances which split off water when distilled, 
more particularly when heated with acid potassium sulphate^). As 
was shown by Schimmel 8) Co.*) they can be acctylated, hence 
arc alcohols. From the acetylated oil a fraction was obtained 
which boiled at 82 to 83.5 (3 mm.), had an acetylation value of 
196.5 and possessed a distinct odor of spearmint. However, it 
could not be proven that the substance in question was the acetate 
of dihydrocuminic alcohol'*) previously found in gingergrass oil. 
Nevertheless, saponification of the ester fraction yielded an oil 
boiling between 220 and 230° the odor of which had great re- 

') An oil examined by Devilte (Liebig's Annalen 71 [18*9], 353) was 
strongly la;vogyrate and probably obtained from a different kind of elemi. 
Comp, also |. Stenhouse, ibidem % (1840), 304. 

-) Liebig’s Annalen S4« (1888), 233; £>2 (1889), 102. 

*) Loc. cit. 

•) Liebig's Annalen 246 (I888),i33; 232 (1889), 102. 

') Report of Schimmel S Co. April 1907, 41. 

") Ibidem April 1904,56. 



Manila Elehi Oil. 


133 .. 


semblance with that of dihydrocuminic alcohol. Its characteristic 
naphthylurethane, however, could not be obtained. 

A fraction 277 to 280" obtained by Schimmel 8) Co. was almost 
inactive and upon oxidation yielded an acid melting at about 170 . 
Later this fraction was investigated by Semmler'), who showed 
that in addition to a small amount of a sesquiterpene alcohol, 
the bulk consisted of a phenol ether, which he named elemicin 
and which proved to be allyltrimethoxy-3,4,5-benzene. An elemicin, 
freed from impurities as completely as possible by boiling with 
concentrated formic acid, had the following properties: b.p. 144 
to 147” (10 mm.); d 5 „, L063; n,, 1.52848. Semmler oxidized elemicin 
in benzene solution with ozone. Upon destruction, with water, 
of the ozonides formed he obtained, in addition to trimethyl homo¬ 


gallic aldehyde, C„H.,0, (b. p. 162 to 165 under 10 mm. pressure; 
m.p. of semicarbazone 188 ), trimethyl homogallic acid, C||H,,Or,, 
which melted at 119 to 120 and the formation of which is proof 
of the [1, /-position of the double linkage. When heated with so¬ 
dium or with alcoholic potassium hydroxide, the allyl group is 
rearranged to the propenyl group with the formation of /soelcmicin 
(b.p. 153 to 156' under 10 mm. pressure; d„„ 1.073; n,, 1.54679; 
m. p. of dibromide 89 to 90"). Upon oxidation with permanganate, 
elemicin as well as /soelemicin yield trimethylgallic acid, 

(m p 169 ; b.p, 225 to 227” under 10 mm. pressure; ni.p. of 
methyl ester 84”; b. p. 166 to 167 under 10 mm. pressure). Oxid¬ 
ation of /soelemicin with ozone yields principally trimethylgallic 
aldehyde C,.,H„0, (m.p. 75 ; b. p. 163 to 165 under 10 mm pres¬ 
sure), the semicarbazone of which melts at 218 . When treated 
with acetic acid anhydride the oxime, which melts at 82 to 84 , 
could be converted into trimethylgallic acid nitrile melting at 93 . 

The structural relationships of these compounds are expressed 


by the following formulas: — 

C CH., CH-CH, C -CH-CH-CH, 

HO'"' CH 


CH, 


C-COOH 

CH ^ 

OC', /COCH„ " CH,OC- . COCH, CH„OC. ; COCH„ 


^OCH, 

Elemicin 


/soelemicin 


COCH,, 

Trimethylgallic acid 


>) Berl. Berichte 41 (1908), 1768, 1918, 2183, 2556. 
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From 31 trees in the Philippines, designated by tUe botanist 
Merrill as Canarium luzonicuni, A. M. Clover') collected the oleo- 
resin and distilled therefrom their oils. These revealed great dif¬ 
ferences but it was impossible to draw any generalisations relative 
to the age or sex of the tree. In the case of 10 oils, the terpene 
fractions consisted of pure d-limonene', 9 oils contained phellan- 
ilivne\ the terpene fraction of one oil was almost pure ferpinene 
(m. p. of nitrite 155 ), that of another, almost pure terpinolene 
(m. p. of tetrabromide 116 ). 

The occurrence of terpinolene in nature had not been ob¬ 
served before, hence is noteworthy. Moreover, the terpinolene- 
containing oil was very remarkable. Even the crude oil distilled 
over within a range of one degree (the boiling point is not men¬ 
tioned by Clover) and had a rotation of -F 4 . The reactions for 
tcrpinenc and phellandrcne gave negative results, but a bromide that 
melted at 116 to 117" (turning brown and foaming) was obtained 
in the form of glistening scales (from alcohol). Flence the pre¬ 
sence of terpinolene was inferred. According to Wallach terpi- 
nolcnc boils between 185 and 190 ; according to v. Baeyer the 
hydrocarbon, regenerated from its tetrabromide, boils between 183 
and 185 . The terpinolene-containing oil was purified by treatment 
with potassium hydroxide, distilled in vacuo and then revealed the 
following properties: b. p. 173.5 to 175 (ordinary pressure), 80 to 81 
(under 37 mm. pressure): d"? 0.8360; k,,.,,,. ^ 1.7 ; n^a,, 1.4701.- It 
is noteworthy that the optical rotation had diminished appreciably 
between the second and third distillation although the oil had 
been distilled from the oleoresin only the previous day. In order 
to increase the change of the principal constituent of the oil, 
some of it was heated in a sealed tube in an oil bath of 200' 
for 3 hours. After that the distillate revealed an optical rotation 
of — 7.5 and yielded the phellandrcne reaction though not 
strongly (m. p. of laivogyratc nitrite 119 to 120’). Five days 
later another attempt was made to prepare terpinolene tetrabro¬ 
mide. in its place, however, crystals of dipentene tetrabromide 
melting at 120' were obtained. After recrystallization they melted 
at 125 . In the meantime the optical rotation of the oil had changed 

» 

') Philippine |oiirn. of Sc. 2 (1907), A, 1. — Americ. chem. )oum. it» 
(1908), 613. 
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from 4-1.7'’ to —1.6°. After a lapse of five or six days more 
it had increased to — 9.8" and after a month to — 34.5", thus 
showing that the oil was undergoing a remarkable spontaneous 
change. Three months later the oil was distilled with steam. When 
dried the distillate showed - 38 , when the change had 
probably reached its maximum. The tetrabromide prepared with 
the aid of different .solvents melted, after one recrystallization, 
at 120 to 123" without being colored brown. After further puri¬ 
fication it melted at 125’. No doubt, because of the presence 
of much dipentene that of phellandrene could no longer be 
established by means of the nitrite reaction. Clover is of the 
opinion that the tei'pinolene, which appears to be very pure 
though a low boiling point was observed, upon standing for 
several weeks had changed to dipentene, some d-phellandrene 
and an unknown tevogyrate terpene. 

These observations are of sufficient importance to demand 
substantiation in order that it may be ascertained how these real 
or supposed changes of the terpenes mentioned occur. 

Similar observations on elemi terpenes have been made 
by R. F. Bacon') who has collected samples of elemi from 
62 trees (C. luzonicum) which had been carefully identified 
botanically. The material was collected in Calaog, in the 
district of Tayabas. Of the volatile oils only two contained 
d-limonene, all the others contained phellandrene. Of nine 
oils from oleoresins of another district, six contained limonenc. 
Other elemi samples from Culion and the island of Mindanao 
yielded terpene fractions consisting exclu,sively of pinene. Bacon 
assumes three phellandrenes: one boiling between 165 and 169 , 
a second between 173 and 175" and a third between 175 
and 178 . 

Bacon also investigated the action of light and heat on 
limonene and phellandrene. In connection with the latter, the 
remarkable observation was made that, under the influence of 
sunlight, its optical rotation is greatly diminished, moreover, 
more decidedly than by heat. Limonene, on the other hand, is 
fairly stable toward light, /. e. its optical rotation is reduced 
but slightly. 


') Philippine )ourn. of Sc. 4 (1909), A, O.'J. 
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449. Canariutn Wood Oil. 

Among the scent woods of India is one which, according 
to W. G. Boorsma*), is known as /(a/oe rasamala^) in the drug 
market. It is derived from a species of Canarium: From New 
Guinea and the Moluccas it is imported via Macassar to Java. 
It burns with a storax-like odor and contains 0.2 p.c. of a volatile 
oil which possesses an aromatic odor and a burning taste. Petro¬ 
leum ether extracted from the wood a small amount of fatty oil, 
ether extracted an ester-like substance (about 2 p. c.) and alcohol 
a product with the odor of .storax (1.6 p.c.). 

450. Oil of Canarium villosum. 

Under the designation pagsainguin oil Schimmel h Co.‘‘) 
obtained from the Philippine Bureau of Science in Manila an 
oil which was supposed to have been obtained from the oleoresin 
of Canarium Cumingii, Engl. According to R. F. Bacon'), 
however, this is incorrect, for the parent plant had since been 
identified as Canarium villosum, F. Vill. 

The oil examined by Schimmel i5i Co, ‘) had the following 
properties: d,„.0.8627; n|,,,„ 1.47245; soluble in 3vol. 

or more of 90 p.c. alcohol. When distilled the oil passed over 
between 158 and 183', the larger part (70 p.c.) distilling between 
165 and 177'. The principal constituent appeared to be cymene. 

Another oil is described by Bacon*). By distilling the resin 
in a vacuum of 4 to 6 mm. about 11 p.c. of oil were obtained 
having the odor of Manila elemi oil. 

The presence of di-a-pinene (m.p. of hydrochloride 125 ) and 
dipentene (m.p. of tetrabromide 124°) was demonstrated. 

The aqueous distillate contained much lormic acid although 
no decomposition was observed during the process of distillation. 

/vCymene, the presence of which was suspected by Schimmel 
Sj Co. in pagsainguin oil, could not be found. It may be assumed, 

') Bull, du Dip. de I'Agricult. aux Indes Nierlandaises 1807, No. 7, p. I; 
Report ot Schimmel & Co. November lOOtt, 19. 

*) Comp, also Rasamala Wood Oil, vqI. II, p. 543. 

Report of Schimmel ^ Co. October 1907,.40. 

*) Philippine )oum. of Sc. 5 (1910), A, 257. 
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however, that the composition of the oleorcsin of C. villosum, 
like that of C. luzonicum, is subject to change. 

Somewhat later the examination of the above-mentioned oil' 
was resumed by Schimmel 8; Co.'). The suspicion that cymene 
is present Was verified. On the other hand, the remaining 
hydrocarbons found were not then observed by Bacon. 

Of this oil only 45 g. were available. Under a pressure of 
4 to 5 mm. it distilled between 34 and 50^ and was resolved 
into the following fractions; 1) at 34° about 20 g. with a 
camphene-like odor; 2) between 34 and 43 about 5 g. which 
boiled between 167 and 171 under ordinary pre.ssure; 3) between 
43 and 50° about 15 g.'which had the odor of cymene; 4) a residue 
of resinified oil. 

Of the first fraction that portion which distilled between 
161 and 164‘ under ordinary pressure, about 8 g. were hydrated 
with the aid of glacial acetic-sulphuric acid in the well known 
manner. The ester fraction (b. p. 65 to 80' under 5 mm.) of the 
reaction product was saponified with alcoholic pota.ssium hydrox¬ 
ide. Although the resulting oil had a distinct odor of /sobor- 
neol, no solid alcohol could be isolated. Want of sufficient 
material prevented the definite establishment of the presence 
of camphene. 

Of fractions 1 and 2, seven grams that boiled between 
164 and 169° were tested for .^-pinene by oxidation with alkaline 
permanganate solution cooled with ice. From the concentrated 
oxidation mixture, sodium nopinatc crystallized out, which, upon 
the addition of acid, yielded nopinic acid. After repeated re¬ 
crystallization from benzene it melted at 124 to 125 . This 
proves the presence of ,i-pinene. 

Fraction 3 showed the following properties: d„.0.8620; 
Ui,- 3-8"26'. The phellandrene test gave negative results. The 
bulk of this fraction boiled between 174.5 and 176". Becau.sc 
of its unmistakable cymene odor it was first oxidized with dilute 
permanganate solution. The oil not affected in this way was 
recovered by steam distillation. Having practically the same 
properties as the original oil it was further oxidized with strong 
permanganate solution at water-bsth temperature. In this manner 


') Report of Schimmel S Co. April 11114, 73. 
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a very small amount of p-hydroxy/sopropyl benzoic acid melting 
at 155 was obtained; and from this, by heating with hydro¬ 
chloric acid, p-/sopropcnyl benzoic acid melting at 159 to 160’. 
Thus the presence of p-cymene was demonstrated. In all pro¬ 
bability, however, the fraction contained a terpene in addition 
to cymene. That portion of fraction 3 which boiled between 
176 and 179 was tested for terpinene with the nitrosite test 
but gave negative results. 

tlence the pagsainguin oil examined contained ,i-pinene as 
principal constituent, also ^-cymenv and probably camphene. 

According to Bacon'), the Tacamahac elcmi examined by 
A. Tschirch -) is probably identical with the oleoresin of Cana- 
riunt viHosum. Upon distillation with water vapor it yielded 
2 p.c. of a volatile oil with a borneol-like odor, the 6ulk of 
which distilled over between 170 and 175 . The higher boiling 
fractions (up to 220") were yellow and had an empyreumatic 
odor. Above 220' a brown oil with a disagreeably pungent 
odor distilled over '). 

451. Uganda Elemi Oil. 

African or Uganda elemi, from Canariurn Schweinfur/hii, 
Engl., is white or pale yellow in color and contains numerous 
dark spots and fragments of wood which impart a dirty appearance 
to the drug. A sample of the oleoresin contained 0.3 p.c. of 
ash; A. V. 29.4; S.V. 44.8 (both determined in connection with 
a selected, clean sample). Upon distillation with water vapor 
it yielded 11.2 p.c. of a pale straw-yellow oil (d„.0.8451; 

79 20') which contained much phellandrene*). 

') Philippine |ourn. of Sc. + (1909), A, 94. 

*) Die Harze und die HarzbehSIter, Leipzig 1906, p. 440. — A. Tschirch 
and 0. Saal, Arch, der Pharm. 442 (1904), 362. 

"I From the genuine tacamahac of commerce, the botanical origin of 
which is unknown, Tschirch and Saal (/oc. cit., 400) obtained about 3 p.c. of 
a yellowish volatile oil, the odor of which reminded only distantly of that 
of the typical elemi resins, and more of that of camphor and turpentine. 
The bulk of the oil distilled between 170 and 175° as a colorless liquid, 
whereas the balance came over between 175 and 210’ with a dark color 
,md a somewhat empyreumatic odor. 

*) Bull. Imp. Inst. « (1908), 254. 



Olt FROM LIQUID LAGAM BALSAM. 


I Jrr 


452. Mauritius Elemi Oil. 

The elemi of Mauritius is obtained from Cananuni pani- 
culatum (Lam.), Benth. (Colophonia mauritiana, DC.; Bursera 

paniculata, Lam.). • u j 

Upon distillation with water vapor, this olcoresin yielded 
3 p.c. of an oil with a peculiar odor reminding of dill, fennel 
and lemon. The bulk of the oil distilled between 170 and 17.5 ')• 


453. Rasamala Oil. 

From the balsam' of Canariuni microcarpuni, Willd., obtained 
in the Moluccas, 80.4 p.c. of oil were obtained by distillation in 
Buitenzorg'O: d.„,0.930; .,,-1-0=28'; S.V.2.8. The bulk of the oil 
boiled between 250 and 285= and appears to consist of sesqui¬ 
terpenes. A previously ') distilled oil had; d.,„ 0.924, o 


454. Oil from liquid Lagam Balsam. 

Under the designation Min/ak kagam two Lagam balsams 
arc comprehended in the Dutch Indies. Of these one is liquid, 
whereas the other constitutes a more solid mass ). 

According to L. van Itallic and M. Kerbosch ') the parent 
Dhnt of the liquid Lagam balsam is Cananum eupleion, 

S'i,; ). 'the ...a. ^ ^ "Iv'S. 

constants were obtained; d,„. 0.9051, rectified oil 

93 p.c. distilled over between 258 and 26 . 

showed the following constants: b. p. 261 ‘o ^ ■ the sup- 
7 46 '’- n 1 49935. These properties lead to the sup 

^’osWon that ihe'oii might contain caryophyllene. As a fact d 
fielded both caryophyllene alcohol (m.p.92to94 ) and the blue 
nitrosite melting at 111 to 112 . 


.) A.Tschirch, Oi. and die Hj^r^behdlter Leipzig 1906, p.437 

Innrb. deo. Undb. in Ned.-lndi\, Batavia 1918, 57. 


“) Ibidem t»lO, 50. „ 77 

‘) Concerning the solid Lagam balsam oil see p. 77. 
•)Arch. derPharm.3r4»(1912), 199, 
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Previously G. Haussner') had obtained 33 p. c. of an oil 
(d„,. 0.923; «„ - 9.9") from a Lagam balsam. Upon the action of 
hydrochloric acid, the oil yielded crystals that melted at 114" 
and the composition of which agreed with the formula C,||H3.,4HCI. 

W. R. Tromp de Haas and |. Dekker-) have examined a. 
Lagam balsam of the consistence of elemi (A. V. 26; S. V. 30) 
which yielded 21.5 p.c. of volatile oil concerning which, however, 
no further data are available. 

In Buitenzorg") two Lagam oils with the following properties 
have been studied: b. p. 245 to 255 ; d.,.„, 0.882 and 0.883; 
«i,--10"l2' and IT; A.V. 14.5 and 17;’ S.V. 15.7 and 20. 
The yield was 10.9 and 14.8 p.c'. respectively. 

455. Cameroon Elemi Oil. 

Lrom an African or Cameroon Elemi*), 15 to 20 p.c. ot a 
colorless, mobile oil were obtained with d 0.953. It boiled, in 
the main, between 160 and 175'. Fraction 175 to 200’ was 
colored brown'). 

456. Nigeria Elemi Oil. 

An elemi from South Nigeria has been examined in the 
Imperial Institute") of London. Its botanical origin is not known. 
The oleoresin was whitish to light yellow or greenish in color, 
rather firm in consistence and permeated with brown spots and 
vegetable fragments. A.V. 55.3; S.V. 71.9. The yield of volatile 
oil was 8.1 p.c. This was of a pale straw color and contained 

■) Arch, der Phartn. 2S1 (1883), 245. 

’) laarb. dep. Landb. in Ned.-Indie, Batavia ISHW, bb, 81. 

') Ibidem IttJl, 48. 

•) In a paper read before the 85. Verxammiung deutscher Naturiorscher 
and Ante K. Dieterich (Pharm. Ztg. 58 {1913], 774) reports on a West African 
(Camerpon) elemi resin, the botanical origin of which is completely in the 
dark. Presumably the Cameroon elemis are products collected from various 
Btirseracex, among them Canarium Schweinfiirthii (see Uganda elemi oil 
p. 138). In Ossidinge Dr. Mansfeld discovered a new Canarium species 
which has been named after him f. Mansieldiamim and which likewise 
yields elemi. 

") A. Tschirch and ). Cremer, Arch, der Pharm. 240 (1902), 320. 

") Bull. Imp. Inst. « (1908), 252. 
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much phellandrene. The constants given for the oil are.- d,,.0.8686; 
fr(]„ + 50“30', 

A second sample (A.V. 37.8; S.V. 46.2) contained 4.4 p.c. of 
volatile oil. 

457. Oil of Dacryodes hexandra. 

West Indian elemi oil is derived from Tabonuco, an oleoresin 
obtained copiously from Dacryodes hexandra, Griseb. {Pachylo- 
bus hexandrus, Griseb.), a species of the Biirseracea.' native to 
Dominica, Martinique and Porto Rico. The oleoresin is collected 
from the living trees and is used in the production of torches and 
the manufacture of Ijfcqucr. Thp crude oleoresin is a very tough, 
white, strongly aromatic mass. According to A. More') it yields, 
upon steam distillation, about 16 p.c. of a readily volatile oil. 
Schimmet Co.-) obtained slightly more than 16 p.c. d,,,. 0.8875; 

13 20'. Upon fractional distillation the oil passed over 
between 156 and 180' leaving a residue of about 12 to 13 p.c.') 
In the lowest fraction the presence of \-(i-pinone was established 
(m. p. of hydrochloride 128 ). When saturated with hydrogen 
chloride, fraction 173 to 176', which likewise was l*vogyratc, 
yielded a cry.stallinc hydrochloride that melted at 71" thus indi¬ 
cating the presence of ]-sylvestrene. 

Inasmuch as /-sylve.strenc had not previously been found in 
a volatile oil, verification of this result was desirable. For this 
purpose Schimmcl 8| Co.") resumed the examination of their oil 
mentioned above and distilled in 1901. Its properties now were: 
d;,, 0.8880; «„ - 13 40'; A.V. 1.2; E. V, 11.2, E. V. after acety¬ 
lation 56.0. Into the corresponding fractions of the oil hydrogen 
chloride was carefully passed. From fraction 168 to 171’ the 
purest hydrochloride melting at 68" was obtained, whereas the 
hydrochloride from fraction 171 to 178' melted in large part at 
63", colored yellow when exposed to the light and was slightly 
decomposed. In addition large amounts of hydrochloride resulted 
which remained liquid in the freezing mixture. 

For the further characterization of the /-sylvestrene, 20 g. of 
the hydrochloride from fraction 173 to 175° melting at 68“ and with 

*) (ourn. chem. Soc. J5 (1899), 718. 

*) Report ot Schimmel S Co. October 1*01, 20. 

’) Ibidem April 1*14, 50. 
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((r|„—19.5 , were heated with 20 g. aniline and 5 cc. of alcohol 
over a wire gauze until, aniline hydrochloride separated. Glacial 
acetic acid was then added and the mixture distilled with steam. 
The /-sylve.strenc thus regenerated (about 10 g.) revealed the 
following properties: b. p. 172 to 180'; d,-,0.8604; «„ — 45 0'; 
n,.,,„, 1.47838. With acetic acid anhydride and sulphuric acid it 
yielded the intense blue color reaction for sylvestrene. 

In order to prove positively that the terpene contained in 
bucryodcs Iwxandra is /-sylvestrene, Schimmel 8; Co. mixed the 
/-hydrochloride melting at 68 with an equal amount of (/-hydro¬ 
chloride melting at 71 and recrystallized the mixture from methyl 
alcohol. Thus inactive carvestrerte hydrochloride melting sharply 
at 52 ' was obtained. Hence More's observation that /-sylvestrene 
is present was verified. 

In the lowest fraction (b. p. 156 to 160 ) the presence ot , 
ti-pitwrw (m. p. of nitroibcnzylamide 122 ) was demonstrated, 
fraction 164 to 167 was tested repeatedly for /-pinenc but 
without success. Traces of camphene appear to be present in 
fraction 164 to 167 for upon hydration and subsequent saponi¬ 
fication a small amount of oil was obtained which, after treatment 
with potassium permanganate, had the odor of camphor. 


Family: MEUACEJE. 

458. Cedreia Wood Oil. 

Approximately twelve species of Cedreia (family Meliacea:) 
that are native to America yield woods, with an agreeable odor, 
that are used in the manufacture of cigar and 'sugar boxes. 
These woods are erroneously designated cedar wood. 

From a number of these woods volatile oils have been 
distilled, but only in a single instance has the botanical source 
been determined with certainty. 

1.) Cedreia oil. From the wood of Cedreia odorata, L. 
(C. cedro, Loefl.; Cedrus odorata. Mill.) F. Rabak') obtained 
0.3 p.c. of a golden-yellow oil with an odor reminding of cedar. 
It had the following properties:'dj„.0.947; n,,.,^, 1.5038; A.V. 3.9; 

') Midland Dnigg. and pharm. Review -kT (1910, 486. 



OIL FROM tHDRFXA VhLLOZIANA. 


140 


E. V. 41.5; E. V. after acetylation 51; it formed a turbid solution 
with 80 p.c. alcohol. 

2. ) Cedrela wood from Corinto, Nicaragua'): yield 2.3 p.c.; 
a yellow oil with a specific gravity of 0.906 and an angle of 
rotation «j, —17°23'. 

3. ) Cedrela wood from Cuba'): yield 1.75 p.c.; a slightly 
yellow colored oil with a specific gravity of 0.923 and an angle 
of rotation «„ + 18 6'. It contains a considerable amount of 
cadinene, the laevogyrate hydrochloride of which, melting at 118 , 


was prepared. 

4. ) Cedrela wood from La Plata '): yield 0.59 p.c.; an optically 
inactive oil of a light blue color and a specific gravity of 0.928 

5. ) Cedrela wood from Punta Arenas, Costa Rica'): yield 
3 06 p c.- a light blue oil boiling between 265 and 270": specific 
eravitv 0.915; «,,-5‘'53'. It consists largely oi cadinene as 
was demonstrated by the preparation of the dihydrochloridc 

melting at 118". ■ ^ i 

6 ) Cedrela wood from Cedrela brasiliensis {Ccdiela odo- 

rata. L.?) from Porto Alegre% From the saw dust of this wood 
only 0.5 p.c. of a light blue oil with a specify f 

and an angle of rotation - 0 22' were obtained. The oil is 
possibly identical with that obtained from the La Plata cedrela wood. 


459. on from Cedrela Velloziana. 

Cedrela Velloziana, Roem.. a tree 30 to 45 m. high, is known 

in Brazil as red or fragrant cedar. 

The fresh capsules which have an odor of garlic, yield 

0.007 p.c. of a yellow, limpid volatile oil upon 
a penetrating, unpleasant odor reminding somewhat o asafet.da^ 
It was lighter than water. Applied to the skin it acted as 

rubifacient but did not produce bhsters. 

The air-dried bark yielded 0.019 p.c. of volatile oil. t was 
limpid, of yellow color, lighter than water, and had a penetrating 
turpentine-like odor and burning, spicy taste ). 

"" Tk ,«.»— 
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Family: POLYGALACE/F,. 

460. Senega Root Oil. 

According to 1.. Reuter*), the root of Polygala Senega, L. 
(family Polygalace.v), indigenous to eastern North America, 
contains 0.25 to 0.33 p.c. of a volatile oil which consists of a 
mixture of methyl salicylate and an ester of valeric acid. 

A number of other species of Polygala likewise yield methyl 
salicylate upon distillation. P. van Romburgh-) found this ester 
in the roots of Polygala variahiUs. H. li. et K. y albiflora, D. C. 
that of Polygala oleifera, Heckel and that of Polygala javana. 

BourqueloP’) proved the presence of methyl salicylate in 
the roots of Polygala vulgaris, L., Polygala calcarea, F. Schultz 
and Polygala depressa, Wenderoth. 

From the investigations of Bourquelot it becomes apparent 
that the methyl salicylate is not present in the root as such 
but results from the action of the enzyme gaultherase‘) on the 
glucoside gaultherin. 


Family: EUPHORB /A CEvE. 

461. Cascarilla Oil. 

Oleum CucarlUee. - Caecarilliil. — Essence de Cascarille. 

Origin. Cascarilla bark from the Bahama islands and used 
■principally in pharmacy is obtained from Croton Eluteria, Bennett 
and C. Cascarilla, Bennett {family Euphorbiaceae). Upon distillation 
it yields 1.5 to 3 p.c. of volatile oil. 

Properties. Cascarilla oil is yellow to greenish in color and 
has a faintly aromatic odor and taste. d,„„ 0.900 to 0.925; 

*) Arch, der Phanii. 227 (1889), 313. 

•) Recueil des trav. chim. des P.-B. la (1894), 421; Chem. Zentralbl. 
1895, 1. 848. 

’) Compt. rend. tl» (1894), 80^ — lourn. de Pharm. et Chim. V. i» 
(1894), 96, 188, 433; VI. 8 (1896), 577. 

*) Mamed betulase by A. Schneegans (journal der Pharmacie von ElsaS- 
Lothringen 28 [1896], IT). 
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it,, + 1 to + 13"; n,„„. i.49l to 1,496; A.V. 3 to 9; E.V. 5 to 12; 
E.V. after acetylation (5 determinations) 67 to 72; readily soluble 
in 90p.c. alcohol. 

Composition. The older investigations revealed no con¬ 
stituent of the oil. K. VoelckeP) separated the oil by steam 
distillation into two portions. The first fraction was limpid,- 
boiled at 173°, had the specific gravity of 0.862 and was almost 
free of oxygen. The second fraction was viscid and contained 
oxygen. According to Gladstone-) the oil consists of two hydro¬ 
carbons, one of which has a lemon-like odor, boils at 172’ and 
presumably is dipentene’). The second hydrocarbon is said to 
resemble calamus oil and presumably is a sesquiterpene. 

The more recent investigation of G. Fendler*) affords a 
better insight into the composition of the oil. The acid reaction 
of the cascarilla oil examined by him (d,,. 0.914; -f 4.81') 
was due to an acid content of 2 p.c. which was removed by 
shaking the ethereal solution of the oil with dilute soda solution. 
By means of fractional distillation the acid mixture was resolved 
into a liquid distillate and a crystalline residue. The former 
consisted of an acid C|,Hj„0..., isomeric with undecylenic acid 
and named cascarillic acid. It boiled at 270", had a specific 
gravity of 0.9324 at 20° and melted at — 18 . The melting point 
of the amide C,„H,|,CONH,, was observed at 78 . The crystalline 
residue, after recrystallization from dilute alcohol, melted at 58'. 
judging from the analysis of the silver salt is consisted of a 
mixture of 80 p.c. palmitic and 20 p.c. stearic acid. 

The free acids having been removed, the oil was shaken 
with 1 p.c. potassium hydroxide solution. In this manner 0.3 p.c. 
of eugenol (m.p. of benzoyl compound 71"; analysis) was isolated. 

The lowest fraction of cascarilla oil distilled over between 
1.55 to 157”; specific gravity 0.845 at 20°; «„ + 2.ir at 21”. 
The addition of one molecule of hydrogen chloride and of two 


') Liebig’s Annalen :{5 (1840), 307; comp, also Trommsdorff, Tromms- 
dorH’s ISeues )oum. d. Pharm. 28, II. (1833), 136. 

•) )oum. chem. Soc. 17 (1864), 1; lahresber. d. Chem. 1H83, 547, 

») ). W. Bruhi, Berl. Berichte 21 (1888), 152. 

') Arch, der Pharm. 288 (1800), 671. — H. Thoms, Apotheker Ztg. 14 
0899). 362. 

GiuiFi<r,iSTea, Thf voumt oiis. III. 10 
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molecules of bromine yielded oily products. The nitrosochlonde 
melted at 91 to 92'’, the nitrolpiperidide at 112'’. Hence the 
terpenc cannot be regarded as identical with pinene. 

In fraction 170 to 173" the presence of cymene was proven 
by the formation of cymene sulphonate of barium and of/?-hydroxy- 
/sopropyl benzoic acid melting at 155 to 156". Presumably traces 
of \-limonene arc also contained in this fraction. 

The higher fractions of cascarilla oil consist of two ses¬ 
quiterpenes boiling between 255 and 257’ and 260 and 265" 
respectively, also of an alcohol CnH.j,OH boiling between 280 
and 290'. None of thc.se three compounds yielded characteristic 
derivatives. 

462. Oil of Croton gratissimus. 

The shrub Croton gratissimus, Burch. (Euphorbiacea:), a 
native of South Africa is used as a perfume on account of its 
fragrance'). 

It is widely distributed in German Southwest Africa and is 
used by the natives in the production of salves. Upon distillation 
a sample of fruits and leaves yielded 0.7 p.c. of a greenish oil 
the odor of which reminded of calamus oil-). 

463. Oil of Cathetus fasciculata. 

Cathetus fasciculata, Lour. {Phyllanthus cochinchinensis, 
Muell.), a euphorbiaceous plant of China and Cochinchina, yields 
a volatile oil a sample of which was sent to Schimmel S( Co.“) 
from Annam, where the plant is known as Bruyere') d'Annani. 
The oil was of a greenish-blue color and its odor reminded of 
that of cajeput oil; d,,. 0.8897; —4 34'; n„.j„. 1.47544; 

A.V. 1.9; E.V. 3.7; E. V. after acetylation 44.8 * 12.7 p.c. of 
CjoHjhO; soluble in 0.5 vol. or more of 90 p.c. alcohol, of 80 p.c. 
alcohol 10 vol. were insufficient to effect solution. Of its con- 

') D. A. Ro.senthal, Heil-, Niitz- and Giftpttanzen alter Lander. Erlangen 
IW«, p. 835. 

') Report of Schimmel 8) Co. October 1913, 111. 

“) Ibidem April 1914, 102. 

*) An Australian "Essence de bruytre", the botanical origin of which is 
unknown, was described in the RepoA of Schimmel 8| Co. April 1994, 97. The 
aromatic oil had a pleasant odor and was of a light greenish-blue color (traces 
of copper); du. 0.8587, npi 2"44', soluble in 4.5 vol. and more of 90 p.c. alcohol. 
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stituents, cineol should be mentioned which was identified by 
means of its iodol compound melting at 112°. fudging by the 
odor, cymene and linalool are present. 

Similar in its properties was a sample of Essence de bruyere 
du Tonkin sent to the firm a number of years previously. However, 
the angle of rotation was different; d,5.0.8787; ir,, ) 10 32'; 
n|,.j„ 1.47009; A. V. 1.7; E. V. 5.9; E. V. after acetylation 45.2; 
soluble in 0.3 vol. or more of 90p.c. alcohol. In this sample 
also the presence of cineol was demonstrated by means of the 
iodol reaction. It may be assumed therefore that Cathetus 
fasciculata is the plant from which this oil was likewise obtained. 

464. Oil of Excoecaria Agallocha. 

Among the fragrant woods used in the tropics, the excoecaria 
wood from Exccccaria Agallocha, L. (family Euphorbiaceae) plays 
a role of some importance ')• In some parts of Dutch East India it is 
used as fumigant under the name Mcnengen. However, only the 
heartwood of trees not too old burns with an aromatic smoke. When 
resinified, the wood is quite odorless, very hard, reddish-brown, in 
parts almost black, its section glossy. It has a bitter taste. 

With water vapor but a small amount of volatile substances 
was obtained. Extracted with petroleum ether yielded 24 p.c. 
of a light yellow, varnish-like mass. It consisted of a mixture 
of two acids and an ester which have not yet been characterized. 
Eurther extraction of the wood with ether yielded 12 p.c. of an 
extract that contained an ester, the alcohol of which melts at 
85°. Subsequent extraction with alcohol yielded 10 p.c. more of 
extract which was resolved into two parts by chloroform. 

465. Stillingia Oil. 

Stillingia sylvatica, L. (family Euphorbiacete) is indigenous 
to North America from Virginia to Florida and westward to 
Kansas and Texas. The root which is used as a cathartic yields 
3.25 p.c. of oil upon distillation. This is light yellow in color 
and lighter than water*). 

') W. G. Boorsma, Bull, du d^p. de I'agricult. aux Indes li^erlandaises 
1»07, Nr. 7, p. 1. 

*) W. Bichy, Americ. |ourn. Pharm. •">! (I88.S), 531. 


10* 



148 


FaMII-Y: ANACARDIACEf. 


466. Oil of Euphorbia pilulifera. 

According to F. B. Power and H. Browning‘), Euphorbia 
pilulitera, L, a euphorbiaceous plant of the Fiji islands, yields 
0.018 p.c, of a volatile oil that boils between 235 and 260“ and 
yields the color reaction for lurlurol. 


Family: ANACARDiACEA:. 

467. Mastic Oil. 

Oleum Maeticis. — Maatixiil. - Essence de Mastiche. 

Origin. Mastic consists of the air-dried resinous sap of 
Pistacia ientisais, L., an evergreen plant of the family Anacar- 
diaceiu. It grows in several islands of the Mediterranean and 
along the southern coast of this sea as far as Morocco and the 
Canary islands. The principal production centre of the resin is 
the island of Chios in which the- tree is cultivated for this pur¬ 
pose. From the slight incisions made in the trunk and heavier 
branches, the resinous juice exudes which dries to spherical, 
colorless grains. 

Upon distillation mastic yields I to 3 p. c. of volatile oil. 

Properties. Mastic oil is colorless and has the strong bal¬ 
samic odor of the drug from which it is distilled-), dj^.0.857 
to 0.903: <t„ + 22 to 34 ; n,„„.. 1.468 to 1.476; A.V. up to 5; 
E.V. 2.5 to 19; E.V. after acetylation 17 to 21 (3 determinations). 
It is rather difficultly soluble in alcohol; of 90 p.c. alcohol 4 to 
10 vol. are required and of 95 p.c. alcohol 0.2 to 2 vol. Mostly, 
however, the solutions are not perfectly clear and the further 
addition of solvent produces opalescence and even turbidity. 

Composition. The oil begins to boil at 155°^) and passes 
over in large part at 160°. With dilute acids it forms terpin 
hydrate. Hence the principal constituent of mastic oil appears 
to be d-pinene. In order to provide a more direct proof of the 
identity of this hydrocarbon, the first fraction of the oil obtained 

') Hiarmaceutical |ourn. 90 <1913), 506. 

*) Report of Schimmel 6 Co. April 1898, 72. 

“) F. A. Fluckiger, Arch, der Pharm. 219 (1881), 170. 
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by steam distillation was collected separately and examined*). 
It had the following properties: b.p. 156 to about 170"; d„.0.8599; 
«„ + 32 57'; n„j||, 1.46925. A phellandrene test gave negative 
results. Fraction 156 to 157" (d„ 0.8615; «„ +39"14') yielded 
but a nominal amount of nitrosochloride melting at 106" (m. p. 
of benzylamine base 123 to 124 ). The small yield of nitroso¬ 
chloride in so active a pinene fraction renders possible the 
presence of active and inactive «-pinene. In order to determine 
the presence of both an attempt was made to obtain the corres¬ 
ponding pinonic acids. Yet, it was possible only to prove the 
presence of d-u-pinene by oxidation to (/-pinonic acid melting at 
104 {[((],, f 90.15’ [8.8717 p.c. chloroform .solution]; m.p. of 
semicarbazonc 204'). However, other hydrocarbons appear to 
be present, for in addition to the pinonic acid, acids melting 
at 95 to 98 and 183 to 185' re.spective1y were formed, but could 
not be identified. Fraction 159 to 162 , in which ,/-pinene or 
sabinene were suspected did not, upon oxidation with perman¬ 
ganate, yield the characteristic oxidation products for the.se 
hydrocarbons, but oxalic acid. 

Hence mastic oil contains principally (/-((-pinene and little 
inactive o-pinene. In addition a second terpene, not characterized 
thus far, appears to be present. 

An oil -) distilled from the haves of the mastic tree had the 
properties: d 0.887; <(j, 3". It contained 5.8 p. c. of ester and 

13.5 p. c. of acetylizable constituents, also pinene and presum¬ 
ably other terpenes and sesquiterpenes. Its odor reminds of that 
of the oils of rue and savin. 

468. Chios Turpentine Oil. 

Origin. Chios turpentine, known to the ancients*), is obtained 
by making incisions into the trunk of Pistacia Terebinthus, L. 
(family Anacardiaceie), a tree found in the Orient. It is produced 

‘) Observations ma(Je in the laboratory of Schimmel Si Co. 

*) Perfum. Record ♦ (1913), 403. 

*) Chios Turpentine is the of Theophrastus and the iiniftifthu 

of other authors. It is from this word that the present de.signation of tur¬ 
pentine for the resinous exudations of various species of Pinus is derived, 
F. A. Fluckiger and D. Hanbtiry, Pharmacographia, London 1N78, p. 166. 



150 


Family: Anacardiace/C. 


principally in the island of Chios. Chios turpentine has the 
consistence of ordinary coniferous turpentine and, like it, con¬ 
sists of a mixture of resin and volatile oil. Upon distillation it 
yields 14 p. c. of oil. 

Properties. Chios turpentine oil has an agreeable, mildly 
turpentine-like odor which at the same time reminds somewhat 
of mace and camphor, dn. 0.868 to 0.869; Kj, H-12'6'') to 
■ t9“45'0. 

Composition. After treatment with sodium the oil boiled at 157' 
and elementary analysis revealed that it had the composition C|„Hj„. 
With dry hydrogen chloride the distillate yielded a solid compound”) 
after several weeks. It thus becomes apparent that, like the ordinary 
turpentine oil, Chios turpentine oil consists largely of «-pinene. 

bVom the resinous sap of Pistacia Jerebint/ius var. paUvstina, 
Cngl. L. Reutter^) obtained 11 p. c. of volatile oil from which small 
crystals of borneo! (details as to identification wanting) separated. 
The oil had a specific gravity of 0.8516; —17^18'; n 1.4622. 

469. Schinus Oils. 

Origin. The Peruvian pepper tree, Schinus molle, L. (Ger. 
/iollebaum; family Anacardiacex), a native of South America 
is frequently cultivated in southern Europe on account of its 
handsome pennatc leaves and fragrant flower clusters. The 
aromatic berries arc used in the preparation of a vinous beverage. 
Their taste at first is sweet, then spicy and finally peppery, 
hence in Greece they are frequently used as a substitute for 
pepper. The odor of the fruit, like that of the leaves, resembles 
elemi, but also that of pepper and juniper. 

Oil of the Fruits. 

Yield. Upon distillation, the fruits yield 3.35") to 5.2”) p, c. 
of volatile oil. 

‘) Fluckiger, Arch, der Pharm. 211> (1881), 170. 

") Report of Schimmel S Co. October 181fi, 63. 

") Fluckiger, Arch, der Pharm. Jl# (1881), 170. 

*) Schweiz. Wochenschr. f. Chem. u. Pharm, 51 (1913), 537. 

") H. Helbing, (ahresb. der Pharm. 1887, 25. 

“) Report of Schimmel S Co. April 1897, 44. 
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Properties. It is a limpid oil with an odor of phellandrene. 
Schimmel Si Co.') observed the following constants: d„. 0.850; 
«„ + 46°4' at 17°; soluble in 3.3 parts or more of 90 p. c. alcohol. 
An oil distilled in Mexico had the following properties: d,j,0.8600; 
"ir+42'30'; E. V. 25.2; E. V. after acetylation 56.5; its solution 
in 98 p. c. alcohol is clear at first but upon the addition of 2 vol. 
or more a decided turbidity results. 

Composition. Upon passing hydrogen chloride into the lowest 
fraction, G. Spica-) obtained a solid monohydrochloride melting 
at 115' the formation of which is probably due to tt-pinene. 
From the fraction below 170° of an oil examined by E. Gilde- 
meister and K- Stephan") only minimal amounts of nitrosochloridc 
could be obtained thus showing that but a small part of the oil. 

' 'a p.c. at most, consists of pinenc. The bulk of the oil boiled 
between 170 and 174 (dO.839; k,, f-60 21') and yielded a 
decided phellandrene reaction with .sodium nitrite and acetic 
acid. As becomes apparent from the optical behavior of the 
several crystallizations of the nitrite, the phellandrene of the 
schinus oil consists of a mixture of much dextro-phellandrenc 
with very li^^^vo-phellandrene. According to Wallach'), the 
hydrocarben'ronsists principally of A-u-pht'lUindrene, but some 
i-phellandrene may also be present. 

With the aic^f alkali a phenol can be removed from the 
oil. Becau.se of %s nitrite, melting at 156 , Spica regarded 
it as thymol''). In the oil examined by Gildemeister and 
Stephan carvacro! (m. p. of /isocyanate 140') but no thymol 
was found. 

In fraction 180 to 185 ', which had been exposed to light 
for some time, Spica observed a crystalline substance that melted 
at 160' and which he suspected as being identical with the pinol 
hydrate, C,„H,„O.HjO discovered by Sobrero. Since pinol hydrate 
melts at 131 this possibility is excluded. 


') Report of Schimmel Co. April IfWS, 121. 

') Gazz. chim. Hal. (1884), 204; jahresber. d. Chem. (1884), 1462. 

") Arch, der Pharm. (1897), 589. 

') Nachr. It. Ges. Wiss. Gdttingen 1905, Heft 1,2; Chem. Zenttalbl. 1905, 
II. 674. 

') Mitrosocarvacrol melts at 153°. 
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Family: Anacardiacea;. 


Oil of the Leaves. 

Properties. An oil obtained from Mexico*) had the following 
properties: d„,,0.8583; 44''50'; n,,,^. 1.47665; E.V. 7.2. An 

oil obtained from Algiers -) had the following properties; d„,.0.8658; 

+ 65 20'; E. V. 3.4; E. V. after acetylation 40.4. Two oils di¬ 
stilled in Algiers and Grasse respectively from twigs with leaves 
had the following properties*); d,,.0.8634 and 0.8696; «j, + 50°54' 
and+46'’l3'; E.V. 5.5 and 8.2; E.V. after acetylation 29.4 and 43.4. 

Composition. Like the oil of the fruits that of the leaves 
contains large amounts of phellandrene'). 

470. Oil of Rhus Cotinus. 

From the young twigs of Rhus Cotinus, L. (Cotinus coggy- 
gria, Scop.; Ger. Periickenbaunr, family Anacardiacex), G. Perrier 
and A. Fouchet*’) obtained 0.1 p.c. of a colorless volatile oil that 
had a faint odor of turpentine and in other respects revealed the 
following properties; d,..0.875; ((,,-1-13 '; n„ 1.4693; A. Vf 6.1; 
S. V. 34.3. It was soluble in 17 p. of 80 p.c. alcohol, in 10 p. 
of 85 p.c. and in 3 p. of 90 p.c. alcohol. With 94 p.c. alcohol 
it was miscible in all proportions. 

An oil distilled from leaves and flowers and sent to Schimmel 
i) Co.^^i'from southern France as Essence de Fustet was examined 
by them. The odor of the faintly yellow almo(§ colorless oil was 
that of the terpenes but also reminded somewhat of neroli. The 
following constants were observed; dj^.O.STIO; i(„ + 32'54'; 
n„j„.,li|t|87; A. V. 0.9; E.V. 20.4; soluble in 6 vol. or more of 
90 p.'Pllcohol. 

Fractionation revealed that the oil consisted'almost exclu¬ 
sively of terpenes. Upon testing the lowest boiling fraction of 
161 to 164" (d,,.0.8563) for camphene with glacial acetic acid 
and sulphuric acid, /sobornyl acetate was obtained which, upon 
saponification, yielded /soborneol. In fraction ii-pinone 

could not be identified with certainty. IJpon oxidation with alkaline 

*) Report of Schimmel ft Co. April 1908, 121. 

*) Berichte von Roure-Bertrand Fils April 1909, 36. — G. Laloue, Bull. 
Soc. chim.lV. ■(1910), 1107. 

n Bull. Soc. chim. IV. 6 (1909), 1074. 

*) Report of Schimmel ft Co. April 1918, 86. 
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permanganate, shiny scales of a difficultly soluble sodium salt were 
obtained which may possibly have been sodium nopinate. In 
fraction 170 to 174° phellandrene was not contained. Fraction 
174 to 176° (d„,0.8454; «j, + 54"40') contained limonene (m. p. 
of tetrabromide 103 to 104°; m. p. of dipentene dihydro¬ 
chloride 50°). 


471. Oil of Rhus aromatica. 

Upon distillation the bark of ffhus aromatica, Ait. yields 
0.07 p.c. of a dark brown oil with an acid reaction. In the cold 
solid particles separated and at --I5' it completely solidified. 
d..„. 0.954; A. V. 48.53; E. V. 16.8. It contains palmitic acid and 
a phenol'). 


Family: AQUIFOUACEA:. 

All. Paraguay Tea Oil. 

From the dried leaves of Hex paraguayensis, A. St. Hill, and 
other species of Hex (family AquifoHacex) known as Paraguay 
tea, H. Haensel') obtained 0.775 p.c. of a dark yellow, solid oil 
that melted at 26.5"; d„,0.8875; (a),,.,,, -)-3.73"; A.V.61; S.V.9I. 


Family: CELASTRACEj^. 

473. Oil of Euonymus atropurpureus. 

From the root bark of Euonymus atropurpureus, )acq., 
H. Rogerson*) obtained 0.01 p.c. of a volatile oil that boiled 
between 120 and 160° (25 mm.). It gave a decided reaction for 
furlurol. Upon standing a substance melting at 120' separated, 
possibly furane-,i-monocarboxylic acid. 

') H. Haensel, Apotheker Ztg. ^ (1911), 387. 

’) Pharm. Ztg. 49 (1904), 335. 

“) loiirn. ctiem. Soc. 101 (1912), 1042. 
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FAMrtYr VlTACE/e. 


Family: SAPIISDACE^. 

474. Oil of Serjania serrata. 

Upon the distillation of the fresh leaves of Serjania serrata, 
Kadlkofer, a native of Brazil, Th. Peckolt') obtained 0.1 p.c. of 
a volatile oil, d^ 0.917. The penetrating odor was peculiar, 
somewhat like civet. 

The leaves of Serjania piscatoria, Radlkofer also yielded 
0.03 p.c. of a limpid oil with an odor reminding of tobacco and 
civet-). 


Family: V/TACEA:. 

475. Cognac Oil. 

Oleum Vltie Vinlfers. — Cognaciil. Huile Volatile de Cognac ou de Lie de Vin. 

Origin and Production. The specific aroma of the wine (from 
Vitis viniiera, L., family Vitaceae) is produced by the ethereal 
fusel oil of the wine. It is also known as cognac oil (Ger. Drusen- 
61, Weinbeerol, Weinheienol and Weinol) and is a product of 
the ferment activity of the yeast. For this reason it is found 
principally in the yeast which settles at the bottom after the 
fermentation has been finished. The wine itself contains but 
minimal amounts thereof, namely 1 in 40.000. 

The formation of the bouquet of the wine has been investigated 
by A, RosenstiehU). He found that the arom» of the wine is 
due not only to the kind of grape but also to, too organisms that 
develop spontaneously on the fruit. As to .^^^diemtcal changes 
incident to its formation nothing definite js-^own. It is assumed 
that a glucosidc is involved in the fonhation of the aromatic 
substance which is supposed to be fWe product of hydrolysis, 
effected by an enzyme in the yeast. 

For the production of the cognac oil either the liquid wine 
yeast, that remains after the wine has been drawn off, 

■) 

V 

»)ljpmpt. rend. f-Ki (1908), 1224, 1417; U7 (1908), 150. V Chem. Ztg. 32 

411), 865; Chem. Zentralbl. 1808, II. 260. 534. 816. ItliO. 


BericMp^Meutscli. pharm. Ges. 11 (1901), 366. 
bidem, IB. 
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press cakes, resulting from the expression of the liquid from 
the yeast, is employed. The distillation is conducted in rather 
primitive fashion in the wine-producing regions. Formerly a 
lead-lined barrel') supplied with a condenser was used. The 
charge was heated with direct steam. 

According to another description-) ordinary brandy stills 
are employed which are heated over direct fire. In order to 
prevent burning of the yeast they are provided with a stirring 
apparatus. 

The yeast is mixed with water and, previous to the distilla¬ 
tion, substances arc added the purpose of which is not well 
understood. According to A. Rautert'), 250 g. of sulphuric acid 
arc adfled to 50 kg. of dregs. This addition is said to make 
the mixture more limpid. In the Palatinate 2p.c. of freshly 
slaked lime, 1 p.c. pota.ssa and I p.c. common salt are added to 
the mixture of I part dregs and 5 parts water. The oil floats 
on the hydroalcoholic distillate in the receiver. From the latter 
more oil can be obtained by cohobation. The yield of cognac 
oil from the press cake is given as from 0.036 to 0.066 p.c. 
From Rhenish and Palatinate yeasts Schimmel 8( Co., however, 
obtained 0.07 to 0.12 p.c. of cognac oil. 

Properties. Crude cognac oil, mostly colored green because 
of the presence of copper, contains large amounts of free fatty 
acids. Being odorless, these may be regarded as ballast of no 
value. For its purification the oil is therefore shaken first with 
a solution of tartaric acid to remove the copper, then with soda 
solution to remove the fatty acids. Thus purified it constitutes 
second grade cognac oil. The finest qualities arc prepared from 
it by subsequ'ent rectification. In this process the esters of the 
higher fatty acids with but a faint odor are not distilled over 
thereby strengthening the distillate. The physical properties of 
the three kinds of oil, the crude, the purified and the rectified, 
differ greatly. Because of insufficient observations, no general 
standards can be laid down. 

Cognac oil possesses a benumbing odor which, in the un¬ 
diluted condition, is disagreeable and nauseating. Frequently an 

') Dingl. polytechn. lourn. US (1857), 71 ; Chem. Zentralbl. 1S57, 57. 

') Chemist and Druggist r»0 (1897), 183. 
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empyreumatic odor is also noticeable, due to carelessness in the 
distillation. 

The specific gravities of various crude cognac oils obtained 
from the Mosel, Tirol, Rhenish Palatinate and the Rheingau 
varied between 0.872 and 0.890'); n„j„ 1.427 to 1.432. Optically 
they were slightly lasvogyrate and dextrogyrate, «„ — 0° 3' to 
i 0'43'. In 70p.c. alcohol the oil is but slightly soluble, of 
80p. c. alcohol 1'/-.> to 5 parts are required to yield a clear 
solution. The ester value fluctuates between 140 and 250, the 
acid value between 29 and 100 or inore"). 

Composition. Based on an investigation made by Pelouze") 
and ). Liebig in 1836, ethyl cenanthate, was regarded 

as the principal constituent of cognac oil. Later Delfts') claimed 
the oenanthic acid of the ester was identical with pelargonic 
acid. Then A. Fischer") pointed out that the supposed chemical 
unit, v//. the oenanthic acid, was a mixture of much caprinic 
acid mih little ca/)/-///c ac/o'. In Hungarian cognac oil, F.Grimm") 
likewise found caprinic and caprylic acids, the former predo¬ 
minating. From the non-acid part of the saponified oil Halenke 
and Kurtz') obtained only ethyl and awy! alcohols but no 
butyl and propyl alcohols. 

Hence the bulk of the cognac oil consists of the amyl and 
ethyl esters of caprinic acid. However, these two esters do 
not constitute the principal constituent since the specific odor 
of the oil is due to other substances that have not yet been 
determined. 

Of interest is the analysis, by E. C. Morin"), of a genuine 
cognac distilled in 1883 in Surgeres in the lower Charente. In 
100 liters cognac he found the following subsfances in the 
amounts given: — 

') The cognac oil examined by Grimm (see later), judging it by its specific 
gravity 0.85 at 20', must have contained alcohol. 

•) Comp, also Report of Schimmel S Co. April 1899, 16. 

") Liebig's Annalen 19 (1836), 241. 

*) Poggendorff’s, Annalen 84 (1851), 505. - Liebig's Annalen 80 (1851), 290. 

') Liebig’s Annalen 118 (1861), 307. 

") thidem 157 (1871), 264. 

') thidem, 270. 

") Compt. rend. lOi (1887), 1019. 
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Aldehyde. 

Ethyl alcohol . . . 
Normal propyl alcohol 
Isobutyl alcohol . . 
Amyl alcohol . . . 
Furfurol | 

Bases j. 

Fragrant wine oil*) , 
Acetic acid .... 
Butyric acid . . . 
Isobutylene glycol 
Glycerin. 


traces 
50837.00 
27.17 g, 

6.52 

190.21 

2.19 „ 

7.61 „ 
traces 


2.’i9 g. 
4.38 „ 


g 


C.' Ordonneau -), on the other hand, obtained 218 g. of 
normal butyl alcohol from a hectoliter of a different cognac and 
regarded this as the characteristic product of the fermentation 
of the elliptical yeast. Later it was shown that the cognac 
examined by Ordonneau was probably distilled from a wine 
that contained the Bacillus butyricus and that the presence of 
the butyl alcohol, which is not found under ordinary conditions, 
was due to this organism. 

From these investigations it becomes apparent that the 
cognac oil, when prepared as described above, by no means 
contains all of the substances found that occur in cognac. Hence 
it is impossible to prepare from the oil alone a product that is 
equal to distilled cognac. 

Tests. The examination of cognac oil is generally restricted 
to a test for the possible presence of alcohol. For this purpose 
a definite amqunt of cognac oil is shaken in a graduated cylinder 
with an equal volume of water or glycerin. Alcohol, if present, 
would cause an increase in the water or glycerin layer. 

According to GeheSCo.**) the melting point of the isolated 
fatty acids admits of conclusions as to the purity of cognac oil. 
The mixture of the fatty acids of the genuine oil is said to be 


') Presumably identical with the cognac oil obtained from yeast. 

*) Compt. rend. 102 (1886), 217; comp, also E. Claudon and E.C. Morin, 
Ibidem lOt 0887), 1109; further Sell, Arbeiten a. d. Kaiserl. Ges. Amt « 
(1890), 335. 

**) Pharm. Zentralh. 48 (1902), 273. 
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Family; Go«ystilace,c. 


liquid at ordinary temperature, whereas that of artificial cognac 
oil is solid, moreover the mixture of fatty acids from pure cognac 
oil, is scarcely rendered turbid at + 5". Schimmel 5 Co. have 
not been able to verify these observations. Moreover, the fatty 
acids from genuin cognac oil also solidify upon standing. 


Family; GONYS T!LA CE/E. 

476. Oil of Gonystilus Miquelianus. 

The scent wood, known as /(a/oe game in the Malay 
peninsula ), and derived from Gonystilus Miquelianus. Teysm. et 
mn. (family Gonystilaceai) yields, according to P.A.A.F.Eykcn -) 
upon steam distillation a volatile oil that is solid at ordinary 
empcrature and melts between 66 and 68'; b. p. 280 to 290 • 
|«]„ in ab.solute alcohol + 35". In order to remove resins, the 
oil, m ethereal solution, was washed with solution of potassium 
hydroxide, and, after evaporation of the ether distilled twice. 
Upon steam distillation, however, the colorless oil was decom¬ 
posed yielding an acid distillate and solid resinous residue The 
solid substance could be isolated by freezing it out. After 
recrystallization from acetic acid and alcohol it revealed the 
ollowmg characteristics; formula ni. p. 82 ; b. p. 164 

0 166 (17 mm.); mol. wt. computed 222, found 232 and 228- 
m absolute alcohol 30". Eyken gave to it the name 

converted into a sesquiterpene gonystilene, b. p. 137 to 

139 (17 mm.); d,„ 0.9183; in absolute alcohol + 40'• 

rlihv fh ? C.„H,.0/,66..5. It is note¬ 

worthy that guaiol and guajene have respectively the same 

degree of rotation but opposite in direction. Hydrogen chloride 
and bromine yielded only oily addition products. When treated 
according to Benram and Walbaum with glacial acetic acid 
sulphuric acid mixture no alcohol resulted. The sesquiterpene 
was recovered for the most part unchanged. 

■) On aloe wood and other scented woods, by W. G. Boorsma. Bull du 
dep. de I agricult, aux Indes Neerlandaises 1007, No 7 o 1- Reoort of 
Schimmel & Co, November 190S, 19 . ’ 

•') Recueil trav. chim. des P.-B. 25 (1906), 44, Chem. Zentralbl. 1»06.1.842. 
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In another oil which Eyken had obtained with a yield of 
1.3 p. c. from another fragrant wood from Makassar, also known 
as /fa/oe game, the botanical origin of which is unknown, he 
found guajol. 


Family: TIUACE^. 

477. Linden Flower Oil. 

This oil') is obtained by extracting with ether the .aqueous 
distillate of linden flowers after having been saturated with salt. 
Upon evaporation of the ether 0.038 p. c. of oil remain. Linden 
flower oil is colorless, very limpid, fairly volatile and possesses 
the odor of the fresh flowers to a high degree. In ether and 
alcohol it is soluble in all proportions. 

The only known constituent of the oil is farnesol-), 

(see vol. 1, p. 399), an aliphatic sesquiterpene alcohol, the constitu¬ 
tion of which has been revealed by M, Kerschbaunr'), C. Harries 
and R. Haarmann'). 


Family: MALVACEAz. 

478. Oil of Marshmallow. 

From marshmallow flowers, Ahiuea officinalis, L. (family 
fialvace,v), H. Ha;nsel*) obtained upon distillation 0.024 p.c. of 
a concrete oil that melted at J 36' and possessed a honey¬ 
like odor. 

The oil distilled from the leaves") (yield 0.022 p.c.) was 
brown in color and had an acid odor. d,,,,. 0.9209; A. V. 88.7; 
E. V. 33.9. Upon saponification an acid melting at 62' (palmitic 
acid) was obtained. 

*) Winckler, Pharm. Zentralbl. 1887, 781. 

*) Haarmann ii. Reimer, D. R. P. 149603; Chem. Zentralbl. IIKH, I. 975. 

“) fieri, fierichte 4« (1913), 1732. 

*) Ibidem 1737. 

Pharm. Ztg. 47 (1902), 74. 

") Apotheker Ztg. 24 (1909), 28.3. 
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Family: Malvace-c. 


479. Oil of Ambrette Seeds. ' 

Oleum Abelmosohi semlnit. — Moeohuekilriierjil, — Eeaenoe de Grainee d’Ambrette. 

Origin. Ambrette seeds, which were official formerly as 
Semen Abelmoscbi or Grana moschata, and which are no longer 
used in medicine but in perfumery, are obtained from Abelmo- 
xchus inoschatus, Mcench {Hibiscus Abeimoschus, L., family 
Maivacex). The herbaceous plant is indigenous to East India, 
but since some time is being cultivated in )ava and the West 
Indies (Martinique)'). 

This oil was first prepared by Schimmel Si Co.“) in 1887. 
Upon distillation the comminuted ambrette seeds yield from 0.2 
to 0.6 p. c, of oil. 

Properties. Ordinary ambrette seed oil is a concrete mass 
resembling orris oil. Melting and congealing point increase with 
its fatty acid content. d,„. about 0.891; d.„. about 0.883; A.V. 75 
to 140; E.V. 70tol30. 

Liquid ambrette seed oil which was introduced into commerce 
by Schimmel 8; Co. in 1902, is free from the odorless, hence value¬ 
less and for the most part objectionable, fatty acid. d„. 0.905 
to 0.917; ((„ slightly dextrogyrate, up to r20', or rarely laevo- 
gyrate, up to - 2 24'; n„,„. 1.474 to 1.480; A. V. 0.8 to 2.5; E. V. 137 
to 190; .soluble in 2.5 to 8 vol. and more of 80 p. c. alcohol. An 
oil with an original ester value of 167.4, after acetylation yielded 
an ester value of 199.7. 

In one instance somewhat deviating constants were obtained: 
d„.0.9298; r34'; n„.,„. to 1.48519; A.V. 0.7; E.V. 139.8; with 

10 vol. of 80 p. c. alcohol no clear solution was obtained, soluble 
however in 0.5 vol. and more of 90 p. c. alcohol®). 

Composition. Farnesoi, C„Hj 40 *) (comp. vol. 1, p. 416) is the 
only known constituent of ambrette seed oil. In the aqueous dis- 


') For the cultivation of the plant see |oum. d'Agricultiire tropicale 5 
(1905), 17; Report of Schimmel & Co. April 1905, 9. 

") Bericht von Schimmel 6 Co. 1887, 35; April 1888,29; Report of Schim¬ 
mel a Co. October 189S, 50; October 1902, 9; April 1912,24. 

''') Report of Schimmel a Co. April 19U, 30. 

*) Haarmann u. Reimer, D.R.P. 149603; Berl. Berichte 46 (1913), |732. 
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tillate furfuro!^) has been found. The bulk of the ordinary 
ambrette seed oil h palmitic acid (m.p. elementary analysis 
of the silver salt®)). 

Family: STERCUUACEA:. 

480. Cacao Oil. 

Formerly it was supposed that the odoriferous principle of 
cacao (Theobroma Cacao, L., family Sterciiliace:e) was identical 
with cacao red or closely related thereto. This, however, is not 
the case. Cacao red is absolutely odorless whereas the charac¬ 
teristic cacao odor is due to a volatile oil. Upon distillation of 
fermented cacao,). Sack") obtained traces of a volatile oil which 
was formed during the fermentation process. ). S. Bainbridge and 
S. H. Davies^) have subjected this oil to a more careful exami¬ 
nation. Upon distillation of 2000 kg. of cacao beans they obtained 
24 g. ( - 0.001 p. c.) of an oil, part of which was contained ori¬ 
ginally in the beans, and part of which was probably generated 
during the process of fermentation and absorbed by the beans. 
This product consisted almost exclusively of esters of the lower 
fatty acids. Constants of the total oil: d^. 0.9075; n|,.,.„, 1.4728. 
The pre.sence of the following free acids was ascertained: valeric 
acid (elementary analysis), a mixture of capryiic and n-caprinic 
acids (analysis of the silver salt of the acid mixture), and pro¬ 
bably capronic acid. Traces of a nitrogenous substance with an 
unpleasant odor were isolated with the aid of sulphuric acid, 
Primary alcohols were not present (the calcium chloride, with 
which the oil.was dried, retained no alcohols). The following 
esters were obtained: amyi acetate, amyl propionate, and amyl 
butyrate, possibly also hexyl butyrate and hexyl propionate. 
<7-Linalool is the principal constituent (more than 50 p. c.) of the 
oil originally contained in the beans, (b. p, 87 to 97" under 15 to 
11mm. pressure; djj. 0.8936; -f IT36'; n„,.„. 1.4658.) Its 
phenylurethane melted at 60 to 61'. 

‘) Report of Schimmel 8( Co. October 36. 

*) Observations made in the laboratory of Schimmel iii Co. 

") Inspectie van den landbouw in West-Indie. Bull. No. I0,|anuary IflOS, p. 10. 

*) )oum. chem. Soc, 101 (1912), 2209. 

GiLDeMeisTi:i(, Thi volaiiu: oils til. 
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Family: THEACF.^e. 


Family: THEACEJE. 

481. Tea Oil. 

Upon extraction of dried tea leaves (Thea chinensis,^m%\ 
Camellia Thea, Lk., family Theacex) with ether 0.6 to 0.98 p. c. 
of a lemon-yellow extract is obtained, which congeals upon cooling, 

, possesses a decided odor of tea and tastes like tea. G.). Mulder') 
has erroneously designated this extract as the ethereal oil of tea 
for the bulk of this product consists of non-volatile extractive 
matter. Upon distillation of dry tea leaves Mulder obtained a 
milky aqueous distillate but no oil. 

Genuine tea oil has been prepared by P. van Romburgh-) 
upon distillation of freshly fermented tea leaves. The yield am¬ 
ounted to 0.006 p. c. 

Apparently the oil results during the process of fermentation 
and may be the product of the action of an enzyme similar to 
that of lacca.se upon a glucosidc. The tea oil thus obtained 
has a specific gravity of 0,866 at 26"; angle of rotation (200 mm.) 

0"1f. 

Upon repeated refractionation there was obtained a liquid 
which boiled at 153 to 154 (740 mm.), and had a penetrating 
fusel-like odor reminding of tea. The principal constituent is an 
alcohol of the formula C„H|.jO, the acetic ester of which boils 
at 160 to 165'. 

Oxidation with potassium bichromate converted the alcohol 
into an oil of the composition of butyric acid. . When heated 
with hydrochloric acid in a sealed tube to 100', the alcohol 
yielded a chloride boiling at 120". 

Fraction 200 to 225° of tea oil consists of methyl salicylate. 

The aqueous distillate contains methyl^coho! (b.p. 66°; 
nitro methyl-m-phenylene diamine compouniP* m. p. of oxalic 
acid ester 51). This alcohol, howe^iys not a product of the 

9 

') Poggendorft's Annalen der Physik 48 (1838), 163. — Liebig’s Annalen 
as (1838), 3i4. 

*) Verslag Plantentuin te Buitenzorg 1895,119 and 1896, 166; Report of 
Schimmel 6 Co. April 1897, 39 and April 1898, 50. 
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fermentation. As van Romburgh had previously pointed out, it 
is a constituent of the fresh non-fcrniented tea leaves. 

The peculiar aroma of Chinese tea is added artificially, in 
large part, by mixing the tea leaves with aromatic flowers. 
However, after they have imparted their odor to the tea, the 
flowers are removed. Flowers of the orange family arc princi¬ 
pally used, also those of the Olea fragrans, occasionally those 
of Magnolia or of members of the Anonace.v'). 


From the young leaves of Thea Sasangua (Thunb.), Nois. 
a Japanese tree, H. Kimura^) obtained from 0.4 to I p.c. (com¬ 
puted with reference to the fresh material) of volatile oil, which 
had a ‘brown or violet color and a .sweetish odor. The young 
leaves that had grown in spring were finely cut. mixed with 
water and allowed to stand for 24 hours. Upon distillation with 
watei vapor, this mixture yielded a milky distillate from which, 
after saturation with salt, the oil was shaken out with ether. 
If the leaves are stored for a longer period after having been 
picked they no longer yield a volatile oil. Properties: d„j, 1.0611; 
iii, t 0. The oil consists of about 97 p.c. cugenol (m. p. of 
benzoyl compound 68 to 70'), and contains an ester of an 
alcohol that has the pleasant odor of geraniol, also traces of a 
substance that reacts with bisulphite. 


ramily: QUTTIFERJE. 

482. Oil of St. John's Wort. 

The flowering herb of fiy/yericum perforatum, L. (family 
Guttiferae) yields, upon distillation with water vapor, 0.0928 p.c. 
of a volatile oil. d,,„.0.8703; angle of rotation in a 25 mm. tube 
in 50 p.c. chloroform solution 1 10'; A. V. 23; S. V. 37*). 


') Dybowski, Bull, de la chambre d'agriciiUurc dc la Cochinchine 11 
(1908), 274. 

*) According to the Index Kewensis this is synonymous with Camellia 
Thea, Lk. 

’) Berichte d. deutsch. pharm. Ges. 81 (1911), 209. 

‘) H. Hasnsel, Apotheker Ztg. 20 (1905), 45. 
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Family; Diptrrocarpacea;. 


Family: D/PTEROCARPACE^. 

483. Borneo Camphor Oil. 

Origin and Production'). The Borneo camphor tree, Dryo- 
halanops aromatica, GSrtn. (D. Camphora, Coleb., family 
Dipterocarpace<v) is a forest giant indigenous to the northwest 
coast of Sumatra and northern Borneo. In the crevices and 
cracks of the trunks of older trees the highly prized Borneo 
camphor, also called Baros camphor, Sumatra camphor or Malay 
camphor, is found. The Malays, who designate it Rayu kapur'^, 
use it for the embalming of their dead also for othc ritual 
purposes and pay a high price therefore. In addition to this 
camphor the trees contain a volatile oil which is obtained either 
by tapping the trees or by the distillation of the wood. 

In the forests only individual trees are to be found '); in groups 
of 20 to 40 forest trees only one may prove to be a Borneo 
camphor tree. Furthermore, but one out of a hundred of these 
contain borneol crystals, the presence of which is not indicated 
by any external signs. In order to detect the presence of these 
crystals they have to be chopped into; if odorless, the trees arc 
allowed to remain standing, but not infrequently trees arc met 
with that have been thus tested three or four times at points 
one above the other. Trees standing in the neighborhood of 
rivers are cut into logs, rafted to Sandakan, and converted into 
lumber. The wood is highly esteemed for building purposes, 
since it is less subject to attack by white ants than other lumber. 
Wood with a strong scent is converted into clothes chests, as 
the borneol keeps insects away. ' 

j.M.janse*) is of the opinion that he has found an explanation 
for the fact that some trees contain solid borneol, others only 

') A.<; to the history of Borneo camphor At under camphor oil, vol. I, 
p. 124. Detailed accounts will also be found byTtiiglioli, La canfora italiana, 
Roma 1908, p. 18, also 0. Beccari, Nel/e toreste di Borneo. Firenze 1902. 

*) M. Moszkowski, NotizbI. bot. Gart. Berlin-Dahlem » (1908), 82. 

“) Special Consular Reports, Vol. XLlll, Part til, p. 6. Washington 1910. 

*) Annales du jardin botanique de Bpitenzorg, second series, suppl. III. 
1910, 947. 
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volatile oil. The trunks are at times inhabited by larva', probably 
those of beetles, which bore their passages through the wood. 
In these the volatile oil collects. If conditions are favorable, 
the borneol may sublime into crevices provided there are such. 

The question of the presence of borneol in the Borneo 
camphor trees cultivated in the Botanical Garden at Buitenzorg 
had previously been investigated'). The segregation of borneol 
in the wood of felled trees could not be observed. However, 
a white substance, consisting principally of borneol, was found 
in holes bored into living trees. 

The collection of fiorneo camphor is a laborious and time- 
consuming task, which is performed by the natives with the 
observance of certain ceremonies. These have been described 
in detail by W. H. Furness-), who made a detailed study of the 
habits of the headhunters of Borneo. 

When the Kayans start on an expedition for trees, in which 
they hope to find the highly prized camphor, they pay great 
attention to certain outward circumstances, which arc inter¬ 
preted as either a good or bad omen, for the success of the 
venture. If certain birds fly across their path from right to 
left, their chances arc poor. If, however, thc.se birds fly in the 
opposite direction, they regard this as a good omen. It is only 
under these favorable circumstances that they continue their 
expedition. However, before they can begin with their real 
task they must hear a barking deer, also kill a certain snake. 
After all these events have occurred they may hope for rich 
reward. They next stretch a rattan across the river near which 
the camphor trees are located and suspend from it wooden 
images, and models of their weapons, and wooden wedges, which 
are used for cleaving the felled trees. These serve as a sign 
to other camphor seekers that the river is blocked. Near to 
the trees to be chopped down they then build their hut. If, 
when the first blows of the axe resound, the cry of an omen 
bird is heard, they give up work for that day and sit idle away 
their time in their hut. When all signs are favorable and if the 

’) Versing omtrent de te Buitemurg gevestigde technische Afdeelingen 
van het Departement van Landhouw 1905. Batavia 190ft, p. 46 and 63. 

'-) E. Kremers, Pharm. Review 28 (1905), 7. 
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tree in question proves sufficiently rich in camphor, they plant 
near their hut a stake, whereof the outer surface has been cut 
into curled shavings and tufts down the sides and at the top. 
When the camphor tree has been felted, the trunk is cut into 
small pieces, and during this process the searchers are clad 
in their most showy war-clothes and armed with parang and 
spear. The searchers seem to regard the tree as a fallen foe, 
who can be made to yield his hidden treasure only at the point 
of sword and spear. The .search for the crystals is tedious 
work; each piece of wood must be split with the greatest 
care and examined with minuteness. Trees containing crystals 
arc commonly those with cavities. Up to 20 ft. above the roots 
no crystals are found. In addition to the.se much oil occurs. 
The blossoms possess a strong camphor odor. While in search 
ot camphor, many of the Borneo tribes employ a peculiar camphor 
language, which is strictly observed by the Malanaus for they 
believe that the camphor crystals vanish when they use any 
other, it is probable that this camphor dialect reveals remnants 
of an old language. This peculiar custom persists everywhere 
in Borneo and the Malay peninsula. The choicest grade of 
camphor consists of translucent crystals three-fourths of an inch 
in length, for which a price of from 40 to 50 dollars per pound 
is paid in the uplands. The Punans are the principal collectors 
of camphor. Either they are engaged as guides by the ''l^ayans, 
f(enyahs, Sibops" or "Ibans", or they gather the camphor 
themselves and trade it with neighboring tribes who, in turn, 
dispose of it to the Chinese. The yield of a single tree is said 
to vary between 3 and II pounds. The collected material is 
sorted into three grades: the largest and puresit crystals are 
regarded as the best, the smallest are gray and pulverulent. 
With the high price paid for this drug in the East, it does not 
enter European commerce. An explanation for the high price 
paid in the Orient is found in the religious use made of the 
Borneo camphor. 

An official Dutch publication') dealing with camphor trees, 
apparently pertains also to the Borneo camphor tree. According 
to it 108.700 acres of primitive forest in Pahang (Malacca) arc 


') Handelsberichten (Den Haag) I (!9I3), 771. 
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reserved for camphor production. The camphor trees occur 
only in the higher altitudes of the forest. It is estimated that 
only one per cent, of the trees contain camphor crystals. The 
Sokais who inhabit this forest have not collected camphor for 
so long a period that they have forgotten the "camphor language” 
employed by their forefathers in the collection of camphor. Only 
the chief of the tribe, the Pengkulu l(apur, is supposed to be 
capable of judging whether a tree contains camphor or not. He 
detects its presence by the sense of smell after an incision has 
been made into the tree, and only after he has determined the 
presence of camphor crystals may a tree be cut down. 

According to the data of the customs bureau') the following 
amounts of Borneo camphor from British North Borneo were 
exported from Sandakan: 

IW8 .... 1162- : lbs. valued al .v' 18.271. (Jf 15.71 per lb.) 

IW . . . . 1844 „ „ „ X 21.037. (X 11.41 „ „) 

The independent states Sarawak and Brunei also produce 
Borneo camphor but no data arc available either as to produc¬ 
tion or export. However, the trees are more numerous and arc 
exploited according to the same methods prevailing in Borneo. 

Properties. According to Macewan -) Borneo camphor oils 
of former days were occasionally colored green because of the 
presence of copper. The density of the liquid varied from 0.882 
to 0.909. An oil which was subjected to chemical examination 
by Schirnmel 8) Co. ') and which had been obtained from Singapur, 
was characterized by the following properties: color dark brown; 
d|,,,0.9180; <(„ ; 1 rs'; iii,.,,,. 1.48847; soluble, with slight turbidity, 
in 5 vol. and more of 90 p.c. alcohol; A. V. 5.6; E. V. 0; E. V. 
after acetyla'tion 50.5, corresponding to 17.67 p. c. of ester 
C,„H,-O COCH,,. Its odor was turpentiny, reminding at the 
same time of borneol. An oil distilled from leaves gathered 
in Buitenzorg revealed the following properties: d,„.0,8585; 
H„v„.-2°29''). 


') Special Consular Reports Vol. XLI1I, Part III, p. 6, Washington 1410. 
-) Pharmaceutical )ourn. III. 17> (1885), 795, 1045. 

’) Report of Schirnmel S Co. April 1914, 32. 

h Verslag omtrent de te Buitenzorg gevestigde technische Afdeelingen 
van het Departernent van Landbonw 1905. Batavia 190(1, p. 46 and 63. 
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tree in question proves sufficiently rich in camphor, they plant 
near their hut a stake, whereof the outer surface has been cut 
into curled shavings and tufts down the sides and at the top. 
When the camphor tree has been felted, the trunk is cut into 
small pieces, and during this process the searchers are clad 
in their most showy war-clothes and armed with parang and 
spear. The searchers seem to regard the tree as a fallen foe, 
who can be made to yield his hidden treasure only at the point 
of sword and spear. The .search for the crystals is tedious 
work; each piece of wood must be split with the greatest 
care and examined with minuteness. Trees containing crystals 
arc commonly those with cavities. Up to 20 ft. above the roots 
no crystals are found. In addition to the.se much oil occurs. 
The blossoms possess a strong camphor odor. While in search 
ot camphor, many of the Borneo tribes employ a peculiar camphor 
language, which is strictly observed by the Malanaus for they 
believe that the camphor crystals vanish when they use any 
other, it is probable that this camphor dialect reveals remnants 
of an old language. This peculiar custom persists everywhere 
in Borneo and the Malay peninsula. The choicest grade of 
camphor consists of translucent crystals three-fourths of an inch 
in length, for which a price of from 40 to 50 dollars per pound 
is paid in the uplands. The Punans are the principal collectors 
of camphor. Either they are engaged as guides by the ''l^ayans, 
f(enyahs, Sibops" or "Ibans", or they gather the camphor 
themselves and trade it with neighboring tribes who, in turn, 
dispose of it to the Chinese. The yield of a single tree is said 
to vary between 3 and II pounds. The collected material is 
sorted into three grades: the largest and puresit crystals are 
regarded as the best, the smallest are gray and pulverulent. 
With the high price paid for this drug in the East, it does not 
enter European commerce. An explanation for the high price 
paid in the Orient is found in the religious use made of the 
Borneo camphor. 

An official Dutch publication') dealing with camphor trees, 
apparently pertains also to the Borneo camphor tree. According 
to it 108.700 acres of primitive forest in Pahang (Malacca) arc 


') Handelsberichten (Den Haag) I (!9I3), 771. 
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The same conclusion was arrived at by Schimmel 8| Co.'), 
who investigated an oil from Singapur, the constants of which 
have already been recorded under Properties. 

After distillation over sodium, the first fraction (b.p.l55to 156'; 
djj. 0.8631; Oj, 4- 7'’32'; n,,„„, 1.46668) yielded a nitrosochloride 
(m. p. 103^) and a benzylamine base melting at 123 to 124". 
Hence, this fraction contained A-u-pinene. 

Hydrated with glacial acetic acid-sulphuric acid mixture, 
a fraction coming over at the boiling point of camphcnc 
{dj,.0.8639; ((„-|-5°37') yielded a large amount of /soborncol, 
which, even after having been purified repeatedly by means of 
petroleum ether, however, melted as low as 208'. 

Small amounts of ,i-pinene were contained in fraction 163 
to 167 (d,„,0.8607; —0 20'; n„j„. 1.47102). Oxidized with per¬ 

manganate, it yielded nopinic acid melting at 124 to 125'. Oxidized 
farther with permanganate the sodium salt yielded nopinonc the 
semicarbazone of which melted between 186 and 188'. 

Neither p-cymene, nor phcliandrene were present in the oil. 

Dipentene, however, could readily be identified in fractions 
175 to 178 (d,^.0.8572; <(j, —6°36') for, upon bromination in 
glacial acetic acid solution, it yielded the tetrabromide melting 
at 125 to 126". 

In the higher boiling portion (55 to 85 under 5 mm. pressure) 
A-borneo! was present. During another fractionation it solidified 
in the cooler. The remaining liquid, when tested with .semi- 
carbazide, proved to be free from camphor. Recrystallized 
from petroleum ether the borncol had the required melting point 
of 204°. Its chloroformic solution was dextrogyrate. 

In order to remove the borncol from the higher fractions, 
also from the mother liquids, these were benzoylated with 
benzoyl chloride in the presence of pyridine. The non-esterified 
portion of the oil, after distillation with steam, consisted chiefly 
of \-(t-terpineol melting at SS"” (m. p. of phenylurethane 112°). 
Saponification of the steam-distilled residue yielded no other 
alcohols than borncol. The highest boiling fractions (b. p. 102 
to 112' under 4 to 5 mm. pressure) consisted exclusively of 
sesquiterpenes. A hydrochloride, however, could not be obtained. 


') Report of Schimmel Co. April 1918, 32. 
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According to this investigation the oil contained about 35 p.c. 
tcrpenes, viz., d-K-pinene, ,i-pinene and dipentens', about 10 p.c. 
of alcoholic constituents, viz., borneol and «-terpineol (m. p. 35 ’); 
about 20 p.c. sesquiterpenes; and approximately 35 p.c. lesin. 

484. Gurjun Balsam Oil. 

GurjunbaUamol. Essence da Baume de Gurjun. 

Origin and Production. Gurjun, Gurjan, Gargan or Gardjan 
balsam, also erroneously known in commerce as East Indian 
copaiva balsam, is designated "wood oil”') in India. It has there 
been known for a long time and is used in considerable amounts 
as varnish. 

Similar to turpentine, gurjun balsam is obtained from a variety 
of species of Dipterocarpus (family Dipterocarpacew) of which 
about fifty arc known in southern and eastern Asia-). The Dip- 
terocarpacc.v are among the most stately trees of the Indian 
mountain forests. A fullgrown trunk yields as much as 180 liters 
of balsam during a single summer. 

In British East India two kinds of related balsams are dif¬ 
ferentiated : the hianyin oil, which presumably is to be regarded 
as true gurjun balsam, and In oil. 

Of the eight species which occur in the forests of Burma'), 
Dipterocarpus alatus, Roxb., D. laevis, Ham.') and D. turbinatus, 
Ga'rtn.*) yield /[anyin oils, whereas D. Griffilhii, Miq., D. incanus, 
Roxb.. D. oblusifolius, Teysm., D. pilosus, Roxb. and D. tuber- 
culatus, Roxb., are supposed to yield In oils. The principal re¬ 
presentatives of these two groups are D. turbinatus, Gartn,, for 
tianyin oil and D. tuberculatus, Roxb., for In oil.. The two kinds 
of balsam differ appreciably both as to physical and chemical 
pi operties. This difference is due partly to the differences in the 
methods of production. Whereas the Kanyin oils are produced 
with the aid of fire, the In oils are collected without its applica- 

') This should not be confounded with the Chinese wood oil, a fatty oil 
from the seeds of Aleurites cordata, Steud. (family Euphorbiacese). 

’) Comp. D. Hanbury, Science Papers, 1876, p. 118. 

•) Oil, Paint and Drug Reporter 7.8 (19081, No. 13, p. 41. 

*) O. laevis. Ham. and D. turbinatus, Gsertn. are synonyms according to 
the Inde.x Kewensis. 
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tion. The former are limpid and brown to greenish-black in color; 
the latter consist of thick, grayish to grayish-white exudates. 

The production of the l^anyin oils is simple and crude. 
During the months of November to May one or several boxes 
(inverted pyramids), according to the thickness of the trunk, are 
cut into the trunk not far above the ground and the surface of 
the boxes burnt with the aid of torches. Once or twice each 
week the exuded balsam is removed with the aid of spoons. 
The surface is burned again and scraped in order to keep the 
pores open. A tree six feet in circumference with but a single 
box produces annually about 20 lbs. of balsam, valued on the 
spot at about 2 rupees per lb. 

The In oils are produced in similar manner, but during the 
months from August to March. However, the application of fire 
is avoided. The surfaces of the boxes are repeatedly rasped in 
order to facilitate the flow of the sap. The yield of hi oils is 
the same as that of the Kanyin oils. The In oils are used prin¬ 
cipally as varnishes, lacquers and in medicine and but rarely in 
the manufacture of torches. 

The principal English places of export for gurjun balsam 
arc Chittagong, Singapur, Moulmein in Tcnasscrim and Ak-yab 
in .Arakan. 

In similar manner the production of the balsam is conducted 
in Cochin China where it is known as HuHe de hois'). In spring, 
a hole is bored into the trunk at an angle of 45'. At the opening 
a large cavity is dug out of the trunk for the reception of a 
vessel into which the balsam is allowed to flow. When the exu¬ 
dation begins, several burning coals are placed into the cavity 
to induce the. downward flow of the balsam. The exudation con¬ 
tinues for about six months. The balsam collected during the dry 
season is the better. The average yield is 80 liters, but excep¬ 
tional trees have yielded 200 liters and more. 

In Cochin China there are principally four markets, v/ 2 .,Tayninh, 
Thudaumot, Choben and Taymit. Saigon is the place of export. 

According to its source and method of production, gurjun 
balsam varies as to consistence, color and behavior toward sol¬ 
vents. Viewed by reflected light the better grades are greenish- 

‘) Revue de la Droguerie; journ. de Parfum. et Savonn. IS (1905), 2. 
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gray, somewhat turbid and slightly fluorescent; viewed by trans¬ 
mitted light they are perfectly clear and reddish-brown. Odor 
and taste remind of copaiva balsam. Specific gravity 0.95 to 0.97; 

23 to — 70 ; n,„u. 1.510 to 1.516. 

Steam distillation yields about 60 to 75 p.c. of oil. 

Properties. The oil of gurjun balsam is a yellow, somewhat 
thickish liquid, sp. gr. 0.918 to 0.930. The angle of rotation u„ 
varies between —35 and 130 , hence is frequently as high as is 
but rarely observed in a volatile oil. n„.,„. 1.501 to 1.505; A.V. 
up to I; E.V. up to 8; E. V. after acetylation (2 determinations) 
6 to 10. Most of the balsams yield Ijevogyrate oils; however, 
strongly dextrogyrate oils have been observed') and in one ins¬ 
tance an inactive oil-). In 90 p.c. alcohol the oil is not com¬ 
pletely soluble; even in 95 p. c. alcohol, of which from 7 to 10 vols. 
arc required solubility is not unlimited. 

Of special interest are the properties of two oils obtained 
from balsams the botanical source of which were definitely known. 
They were sent to Schimmel 8; Co.“) by Mr. C. G. Rogers, Con¬ 
servator of Forests, of Rangoon. 

One of these balsams obtained from Dipterocarpus turbi- 
natus, Gajrtn. fil.') is known as Gurjan oil in Burma, Bengal 
and in Andaman islands. It was a slightly acid (A.V. 10.9), milky 
liquid, sp. gr. 0.9811 at 15'. Upon standing, particularly in a warm 
place, it separated into a brown oil which floated on the surface, 
and a tough, grayish-white, emulsion-like mass. The oily layer 
had the following properties: d,„.0.9706; 10’8'; n„.^„., 1.51200; 

A.V. 7.3; E.V. 1.9. Distilled with water vapor, the total balsam 
yielded 46 p. c. of light yellow oil of a balsamic odor which re¬ 
vealed the following properties: d^.0.9271; e„ —37°; n„j„J.50070; 
A.V. 0; E.V. 1.9; soluble in 7 vol. and more of 90 p.c. alcohol. 

Very different in appearance was the second balsam that 
had been obtained from Dipterocarpus tuberculatus, Roxb.’). 

') Dymock, Warden and Hooper, Pharmacographia Indica. 1890, vol l.p. 193. 

') A. Tschirch and L. Weil, Arch, der Pharm. 2*1 (1903), 382. 

') Report of Schimmel 5 Co. April 1918, 67. 

*) Comp, also R. S. Pearsoq, Commercial guide to the forest economic 
products of India. Calcutta 1912, p. 140. 

‘) Comp, also R. S. Peant'on, Commercial guide to the forest economic 
products of India. Calcutta f*9t2, p. 140. 
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In Borneo it is known as In oil and there plays a subordinate 
role as compared with the Gurjan oil. The light brownish balsam 
is of the consistence of turpentine; sp. gr. 1.029; A.V. 17.8; E. V. 0. 
The oil, obtained by steam distillation with a yield of 33 p.,c., 
was yellowish-brown and soluble in 6 vol. and more of 95 p. c. 
alcohol, d,,. 0.9001; <(„--99' 40'; n,,. 3 ,,. 1.50070; S.V. 0. When 
tested by means of Turner’s test (vol. II, p. 597) both balsam 
and oil yielded the characteristic color reaction. 

Composition. As ascertained by Fluckiger*) and others, gurjun 
balsam oil consists for the most part of .sesquiterpenes, fairly 
uniform as to boiling temperature. Thus Schimmcl iJ| Co.'^) ob¬ 
served that of an oil 86 p. c. distilled between 260 and 265' under 
ordinar.y pressure (741 mm.) and 6 p. c. between 265 and 269 . 
The sesquiterpenes, which have been examined more carefully by 
E. Dcussen and H. Philipp”), have been designated gurjunenes by 
them. After repeated fractionation, one oil (d,-.0.922; k,; -44 25') 
was resolved into a number of fractions boiling from 124”/i to 
138” 4 (12 mm.) and varying in their optical rotation from 61 
to i-l . The lowest fraction consisted of a hydrocarbon named 
ii-gurjunene and the hydrocarbon of the higher boiling fractions 
l-gurjunene. I'-Gurjunene boils at about 119' (12 mm.) and is 
strongly la-'vogyrate. The molecular refraction revealed its tri¬ 
cyclic character. ,>-Ciurjunene boils at 122.5 and 123.5" (12 mm.), 
is slightly dextogyrate, and dicyc^'c. Upon oxidation of both hydro¬ 
carbons in acetone solution a ketone (?) is obtained. 

Regenerated from its semicarbazone (m. p, 234 ’) it revealed tbc 
following constants; b.p. 175 to 178' under 12 mm.; d 1.0160; 
r 120 to -t 130"; n„ 1.5303; b.p. of the oxime 204 (12 mm.). 

If an ethtreal solution of rectified gurjun balsam oil, /. e. 
a mixture of n- and /#-gurjunene is saturated with hydrogen 
chloride gas and the mixture set aside at room temperature for 
two days, there results, after splitting off the hydrogen chloride 
by means of sodium acetate, a bicyclic hydrocarbon (b.p. 129.5 
to 132 under 12 mm. pressure; d 0.9183; n„ 1.5057) which the 
authors designate isogur/unene. 

') Fluckiger, Pharmakognosie, Sr*! ed., p. 102. Comp, also C. Werner, 
Zeitschr. f. Chem. iind Pharmacie » (1862), 588; jahresb. f. Chem. IHtB, 461. 

■) Report of Schimmel & Co. April 1809, 56. 

') Liebig’sAnnalen889(1909),56; 874(1910), 105.-Chem.Ztg.»4(1910),921. 
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The sesquiterpenes of gurjun balsam oil have also been 
studied by T. W. Semmler, K. E. Spornitz and W. jakubowicz ‘). 
They found that crude gurjunene consists of about 67 p. c. of 
strongly Ixvoffyrate tricydene-gur/unenc (n-gurjunene) and about 
33 p. c. of strongly dextrogyrate tricydogurjunene of the cedrene 
type (,t-gurjunene). In order to obtain the latter in a pure 
condition, the glacial acetic acid solution of the crude gurjunene 
was treated with chromic acid, during which process the original 
Ixvorotation (<<„ - 55 ) is changed to dextrorotation. By repeated 
oxidation, finally with potassium permanganate in acetone 
solution, a fraction was obtained, which, after distillation over 
.sodium, boiled between 120 and 123“ under 13 mm. pressure 
(d 0.9348; k,, [-74.5 ; n,, 1.50275) and consisted of pure .dextro¬ 
gyrate tricyclic gurjunene of the cedrene type (tricydogurjunene). 
Upon oxidation of this sesquiterpene either with chromic acid 
or potassium permanganate, there resulted a very good yield 
of the gurjunenc-ketone of Deussen and Philipp. The ketone 
regenerated from the scmicarbazonc (m. p. 237 ) melts at 43 
(b. p. 163 to 166' under 10 mm. pressure; d.^„. 1.017; <i,, < 123 ; 
n„ 1.52700). Semmler and his co-laborers assume that gurjunenc- 
ketone has the formula C|,,H,.,0 and not C,„H.,,0, as recorded 
by Deussen and Philipp, although the molecular refraction agrees 
better with the formula C„,H,,,0; computed for C|,,H.,.,0, | 64.63; 
found 65.90; increment 1.27. Reduced with sodium and alcohol, 
the ketone yields gurjunene alcohol, (m.p. 104'’; b. p. 155 

to 159 under 11 mm. pressure; d 1.001; <(„ i 34'; n„ 1.51859). 
^Thc ketone could not be reduced farther. Upon the reduction 
of tricydogurjunene with platinum and hydrogen only two atoms 
of hydrogen were added with the formation of tl icyclodihydro- 
gurjnjwnqj(b.p. 120' under 8mm. pressure; d 0.9258; ((„ —37.5"; 
n,, 1.49775). Tricydogurjunene was also obtained when gurjunene- 
ketone semicarbazone was heated in a sealed tube with sodium 
alcoholate and alcohol to 160". The hydrocarbon thus obtained 
revealed the same constants as the original hydrocarbon with 
the exception of the optical rotation which had been lowered. 
That the hydrocarbon in question was tricydogurjunene, though 
partly inverted, became apparent from the observation that upon 


’) Berl. Berichle 47 (1914), 1029, 1141. 
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oxidation with potassium permanganate gurjunene ketone resulted 
once more. Like all sesquiterpenes that show a similarity to 
cedrene, tricyclogurjunene does not give Turner’s color reaction. 
Fractional distillation of the crude gurjunene yielded a sesqui¬ 
terpene (b. p. 114 to 116' under 10 mm. pressure; d.,,,, 0.918; 
((,, — 95"; n„ 1.5010) which proved to be relatively pure tri- 
cyclene-gurjunene (((-gurjunene). When reduced, only two atoms 
of hydrogen were added. Upon oxidation it yielded no gurjuncnc- 
ketone but gave the Turner color reaction to a marked degree. 
Reduced with platinum and hydrogen, crude gurjunene added 
but two hydrogen atoms, from which observations the authors 
conclude that it cannot contain bicyclic terpenes. 

Detection oe guriun balsam oil. On account of it.s feeble 
odor, gurjun balsam oil is a dangerous adulterant of other 
volatile oils. However, because of its high boiling point, its 
high optical rotation and the sparing solubility in alcohol, its 
detection affords no great difficulties. For the detection of 
gurjun balsam oil in rose oil and in copaiba bal.sam oil see 
vol. II pp. 575 and 598 respectively. 

485. Balao Balsam Oil. 

In the Philippines several species of Dipttroatrpus yield 
socalled “wood oils" which are similar to gurjun balsam and 
are produced in like manner. Balao balsam'), which finds 
general application in the Philippines is obtained from Diplero- 
carpus grandiHuus, a tree designated Apitong by the natives. 

The balsam which is a mixture of solid resin, water and 
from 25 to 40 p. c. of volatile oil, is used for pitching boats, or 
as a lacquer for wood, for which purpose it is mixed with solid 
resin or lime. It is also used for illumination purposes. For 
its production, a cup-shaped cavity is hewn into the trunk of 
the tree, from which the exudation is removed as needed. If 
the flow of the tapped tree is slow the latter is ignited. This 
increases the flow, but the product is colored dark thereby. 
The maximum amount yielded by a tree in a single day is 1 kg. 
The fresh oleoresin is white but soon assumes a dark color. 
In a thin layer it rapidly hardens. It docs not constitute a 

‘) A. M. Clover, Philippine joiirn of Sc. 1 (1906), A, 191. 
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homogeneous liquid and contains a large number of granules 
which do not dissolve but remain suspended in the liquid. Its 
odor is faint but characteristic. It is soluble in alcohol and 
all other solvents. It contains water which cannot readily be 
separated. Only after the balsanv has been mixed with sesqui¬ 
terpene-containing oil and heating the mixture on an oil bath 
to 140 ’ is the water driven off. When heated appreciably higher 
a clear solution finally results, which again congeals partly 
upon cooling. The balsam behaves in like manner toward fatty 
oils, a property of considerable importance in the manufacture 
of lacquer. Whereas balao balsam is liquid at ordinary tem¬ 
perature, upon steam distillation it becomes so tqugh that only 
traces of a volatile oil can be obtained. Neither can the .volatile 
constituents be isolated by means of distillation under diminished 
pressure, since the mass foams from the very beginning and 
the dehydrated residue becomes hard. Hence it is necessary 
to distil over the direct flame whereby ultimately 50 p. c. of 
the balsam passes over, approximately one-half of which con¬ 
sists of oil, the other half of water. The boiling temperatures 
fluctuate between 250 and 300°, the bulk passing over between 
260 to 264 (760 mm.) or 151 to 154° (40 mm.); d;JJI 0.9127 to 
0.9131; !-78.5 to -1-87 . The distillate was faintly yellow 

and had the characteristic odor of balao. 

From the oil prepared by distillation under atmospheric 
pressure and in vacuo, R. F. Bacon*) obtained a mixture of 
crystalline acids which were only partially soluble in ether; also 
a fraction boiling between 128 and 131" (13 mm.) in which he 
proved the presence of a sesquiterpene. Distilled three times 
over sodium a colorless oil with the following-properties re¬ 
sulted: b. p. 261 to 262.4° (ord. pressure), 118 to 119 (8 mm.); 
d" 0.9104; 116.4.; n„„„. 1.4956; S.V. 0; mol. ref. found 

65.9, computed for CuH..,/,, 66.15. Hence the sesquiterpene 
contains two cycles and two double bonds. Attempts to prepare 
characteristic oxidation products failed. Photochemically the 
sesquiterpene is sensitive to the extent that in a glass-stoppered 
bottle the angle of rotation was reduced to 4-101.2’ after 
1* 4 years. The Other constants had not changed perceptibly. 


') A, M. Clover, Philippine journ. of Sc. 4 (1909), A, 121. 
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486. Malapaho Balsam Oil. 

According to A. M. Clover') malapaho balsam is likewise 
produced in the Philippines. Its source is Dipterocarpus vernici- 
fluus, Blanco, a tree known as Panao by the natives. This 
balsam is not used as extensively as balao presumably because 
it does not dry as readily. Its manner of production is the 
same. The fresh balsam is white, viscid, and of characteristic 
odor which enables its differentiation from similar products. It 
absorbs atmospheric oxygen and becomes dark upon standing. 
However, even in thin layer it solidifies with difficulty. At 100 
it becomes more liquid and thus differs from balao. It is soluble 
in ether and chloroform with the separation of water. Further¬ 
more, it is partly soluble in alcohol and benzene. None of its 
constituents is soluble in water. Distilled over a direct flame, 
it behaves like balao balsam. All samples contained water 
(abt. 25 p. c.), sesquiterpene-containing oil (abt. 35 p. c.), and 
solid (non-volatile) constituents (abt. 40 p. c.). The sesquiterpene 
boils almost completely between 256 and 261 (760 mm.); 

d;:: 0.9165; -54“. 

487. Mayapis Balsam Oil. 

Mayapis balsam is obtained from Dipterocarpus anisoptera 
vidaliana, a tree the habitat of which is restricted to the 
Philippines-). In its properties it is very similar to the two 
balsams previously described. A sample contained 15p.c. water 
and 25 p.c. of sesquiterpene-containing oil. The residue consisted 
of hard rosin. The oil rectified in vacuum had a light yellow 
color; d;J" 0.9056; b. p. 132 to 140" (17 mm.). 

488. Oil from Solid Lagam Balsam. 

According to L. van Itallie and M. Kerbosch”) solid Lagam 
balsam is derived from Dipterocarpus Hasseltii, Bl. or D. tri- 
nervis, Bl., two related possibly identical Dipterocarpacem*). It 

’) A. M. Clover, Philippine )ourn. of Sc. I (1906), A, 198. 

Ibidem i (1906), A, 201. 

Arch, der Pharm. 250 (1912), 199. 

*) The liquid Lagam balsam is derived from Canarium eupteron, Miq. 
(family Burseraceae). See p. 139. 

GlU)b.mflSTblf. The VOLATILr oils, Hi. 
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is produced in the interior of Sumatra. Upon distillation with 
water vapor, this balsam yielded from 10.5 to 22 p.c. of a 
volatile oil characterized by the following properties: d,^.0.9065; 
((„ - 8.9 ’: 1.50029. It consists of caryophyllene (m. p. of 

the nitrosate 112 to 113"). 

489. Dammar Resin Oil. 

The bulk of the dammar resin now in commerce is derived 
from Shorea Wiesneri, Schiffn. (family Dipterocarpaceae) and 
from closely related species. 

Upon distillation of the resin, H. Haensel*) obtained 1.06 p.c. 
of a golden-yellow oil which was optically inactive; d.,, 0.9352. 
It began to boil at 205"; up to 240°, 60 p.c. came over; up to 
265 an additional 30 p.c.; the remainder resinified. 


Family: CISTACEA:. 

490. Ladanum Oil. 

Origin and Production. Ladanum or labdanum is a soft 
resinous mass which is obtained from several species of the 
genus Cistus, mostly from C. creticus, L. and from C. ladani- 
ferus, L. (family Cistaceae) in Crete. The sticky exudation of 
the glandular leaf adheres to the hairs of the skin and beard 
of the goats and is removed therefrom by means of a kind of 
comb. In Spain the twigs; more particularly of C. ladaniferus, 
are boiled with water and the resin which collects on the surface 
removed by skimming-). 

Upon distillation of ladanum resin Schimmel 8| Co.“) obtained 
0.91 p.c. of a golden-yellow oil with a strong but pleasant amber¬ 
like odor. Having stood for half a year handsome crystals 
separated constituting about one-fourth of the entire oil*). 

Composition. According to H. Masson*) the oil contains 
two ketones. Fraction -85 to 90" (15 mm.) when treated with 

‘) Pharm. Ztg. 47 (l<J02), 819. 

•) Comp. E. M. Holmes, Perlum. Record 2 (1911), 132, 155. 

”) Report of Schimmel 8( Co. AprH IfWS, 71. 

*) Ibidem October 188*, 26. 

*) Compt. rend. 174 (1912), 517. 
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hydroxylamine hydrochloride, yielded an oxime that boiled at 
133' (16 mm.). From this the ketone was regenerated, which, 
when purified by means of its semicarbazone (m. p. 207°) boiled 
at 200° (91 ' under 18 mm. pressure) and which, upon oxidation, 
yielded benzoic acid, thus proving its identity with acetophenone. 
The occurrence of this ketone in a volatile oil had not previously 
been recorded. 

Fraction 70 to 78° (15 mm. pressure) likewise yielded an 
oxime melting at 106 (b. p. 126 to 127 under 17 mm. pressure), 
from which Masson regenerated a ketone C„H„0 which possessed 
the following properties; b.p. 178 to 179 (66 to 67' under 10mm. 
pressure); d,,. 0.922; u '■ 0°; nj,.,„.. 1.4494. The ketone did not 
react with bisulphite. It yielded a monobromidc melting at4r‘and 
a semicarbazone melting at 220 to 221'. With sodium and moist 
ether it was reduced to the corresponding secondary alcohol, 
which formed large crystals melting at 51' and boiling at 87 
(28 mm,). Cold, 3p.c. potassium permanganate solution oxidized 
the ketone to geronic acid (b.p. 190 to 191° under 31 mm. 
pressure; m. p. of semicarbazone 164°), which, upon further 
oxidation with sodium hypobromite, yielded bromoform and 
«,((-dimethyladipic acid. This “Abbau” proves that the ketone in 
question is the hitherto undescribed triwethyl-t.5.S-hexanone-t>. 


CH,, CO CH, ■ CH, • CH,, C(CH,), ■ CO.H 
Geronic acid 

In addition to these two ketones, the 
oil, according to Masson, contains phenols, 
esters and sesquiterpene derivatives. 

According to an investigation of E. ). 
Emmanuel') the occurrence of guajol in 


CH, 

CH 


HjC 

H,C 


CO 

C(CH,),, 


ladanum oil is not excluded. 


CH, 


Trimethyl-1,5.5-hexanone-ti. 


491. Cistus Leaf Oils. 

An oil distilled from the leaves of the Cistus ladaniferus, L. 
possessed an unpleasant narcotic odor. Its specific gravity at 13° 
was 0.925 and it boiled between 165 and 280 with formation of 
acetic acid"). 

') Arch, der Pharm. 230 (1912), 111. 

') Berlcht von Schimmel 6 Co. October IbSO, 53. 
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An oil obtained from the fresh leaves was light yellow in 
color and possessed an exceedingly agreeable odor which 
clearly resembled that obtained from the resin, likewise reminding 
of ambra. Other properties: d.^.0.9223; H°12'; A.V. 5.31; 

E. V. 23.10; soluble in 0.5 vol. of 90p.c. alcohol, upon addition of 
more alcohol turbidity results with the separation of paraffin'). 

Two additional cistus leaf oils-) have been distilled by 
Schimmel 8| Co. from Spanish material. They also possessed 
an ambra-like odor, therein resembling that of ladanum oil. 

Oil of Cistus MONSPELicrisis, L. 

Yield 0.015p.c.; d,„.0.9786; «„-t 140'; A.V.15.7; E.V.31.51. 
Between 20 and 25 the light yellow oil separates paraffin, 
m. p. 64“, in abundance. 

Oil of Cistus salvifolius, L. 

Yield 0.024 p.c.; dj,. 0.9736; -|- 17 20'; A. V. 16.86; 

E. V. 22.73. The oil is yellowish-green and, like the previous 
one, separates paraffin. 


f-'amily: WINTERAHACEA: (CANELLACEA:). 

492. Canella Bark Oil. 

White canella or cinnamon bark, also known as false 
Winter’s bark, is obtained from Canefia aiba, Murr. (Winterana 
Canefla, L., family Winferanacex ICanetfacesj), indigenous to 
the Antilles and Florida. 

Upon distillation of canella bark 0.75 to 1.25 p.c. of a 
volatile oil are obtained the odor of which reminds of that of 
a mixture of clove and cajeput oils, d 0.920 to 0.935. Optically 
it is slightly dextrogyrate, «„+ TS', 

When shaken with alkali a phenol, eugeno/’') (benzoyl 
eugenol*)) could be removed. 

') Ob.servations made in the labocatory of Schimmel 6 Co. 

') Report of Schimmel Si Co. OctiAer lIMKi, 22. 

•’) W. Meyer and von Reiche, Liebig's Annalen 4< (1843), 234. 

') Broun, Proceed. Wise. Pharm. Assoc. 1898, 36. 
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Upon fractionation of the non-phenol constituents the lowest 
portion came over between 165 and 170“ (d 0.888; —3.38“). 

The preparation of the pinenc nitrosochloride and of the pinene 
nitrolbenzylamine (m. p. 122 to I23“) proved this fraction to be 
\-u-pinene'). The next higher fraction consisted of cineoV') 
(m. p. of cincolic acid 197'’)'''). The highest fractions contain 
caryophyllene'), which was identified by means of its hydrate 
melting between 92 and 95“. 

493. Karambusi Oil. 

Upon distillation of the bark of the Karambusi tree (Warburgia 
Stuhimannii, Engl., family Winteranaceic), a native of East Africa 
with water vapor, W. Lenz*) obtained 0.6 p.c. of a thick, yellowish- 
red oil which, with reflected light, revealed a greenish fluorescence, 
and the odor of which resembled that of sandalwood oil. 
d,„ 0.9864; 41.2; n„„,.. 1.51269; S.V. 11.2; E. V. after 

acetylation 111.5; miscible with absolute alcohol; with an equal 
weight of 90 p.c. alcohol it formed a clear solution, but the 
addition of more alcohol rendered the solution turbid. Under 
24 mm. pressure, it boiled between 100 and 102 . With sodium 
acid .sulphite solution an aldehyde was extracted, but further 
information about its nature is wanting, in addition Lenz showed 
the presence of a small amount of sulphur compounds. 


Family: VIOLACFA:. 

494. Oil of Violets. 

The flowers of the fragrant violet (Viola odorata, L., family 
Violacex) do not yield a volatile oil upon distillation. For 
the production of this highly prized perfume the pomade or 
enfleurage method (see Vol. I, p. 258). or, in recent years 
more commonly the extraction method (see Vol. I, p. 247) is 
employed. The leaves of the violet are used in like manner. 

*) R. T. Williams, Pharm. Rundsch. (New York) 12 (1894), 183. 

') Report of Schimmel 6 Co. October 1890, 66. 

') Bruun, Proceed. Wise. Pharm. Assoc. 1898, 36. 

*) Berichte d. deutsch. pharm. Ges. 20 (1910), 351. 
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Victoria violets'), when extracted with petroleum ether, yielded 
1.5 to 1.8 p.c. of a concrete oil from which the volatile oil can 
be obtained according to the method described on p. 252 of vol. I. 

According to H, von Soden^), 1000 kg. of violet flowers 
yielded 31 g. (0.0031 p.c.) of a faintly greenish oil without 
fluorescence, which did not congeal in a freezing mixture. 
d|j 0.920; J 104'15'; A. V. 10; E. V. 37; readily soluble in 
alcohol. In its concentrated form the odor of the ethereal oil 
of violets but little resembles that of the violet. Only after it 
has been diluted in the ratio 1:5000 to 10000 the characteristic 
violet odor, accompanied by an herbaceous bye-odor from the 
calyces, becomes prominent. Oil of violets is the most costly 
of the volatile oils used practically. Disregarding the cost of 
manufacture, one kilo of the oil deprived of its odorless ad¬ 
mixtures, would be worth .y 20 000. 

495. Oil of Pansies. 

Upon distillation, the freshly flowering plant, with root, ot 
Viola tricolor, L. (family Violacea:) yielded but 0.00859 p.c. of 
a volatile oil, which had a decided odor of wintergreen. Upon 
saponification, the small amount of available oil yielded salicylic 
acid (m. p. 156 ) almost quantitatively, hence the oil seems to 
consist almost exclusively of methyl salicylate"). 

According to A. Desmouliere'), methyl salicylate is not con¬ 
tained as such in the pansy, but in the form of a glucoside, which 
in the presence of water and under the influence of an enzyme 
is hydrolyzed to methyl salicylate and glucose. This glucoside, 
presumably gaultherin, was obtained in amorphous condition only. 

From the circumstance that the wintergreen odor is produced 
only when the herb is crushed, Desmouliere concludes that 
glucoside and ferment are contained in different cells and hence 
cannot react on each other until brought together. Probably 
similar conditions prevail in other Violacem, but Desmouliere’s 
observations apply only to the cultivated pansy. 

') In southern France several varieties are employed, more particularly 
Parma violets, Victoria violets and Tzar violets. 

*) lourn. f. prakt. Chem. II. Oft (1904), 261. 

") Report of Schimmel & Co. October lOftft, 56. 

*) )oum. de Pharm. et Chim. VI. 1ft (1904), 121. 
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Family: TURNERACEyE. 

496. Damiana Leaf Oil. 

Damiana leaves'), which have been used for medicinal 
purposes in the United States since 1875, are referred to several 
Turners species, family Turneracew, more particularly to T. dif¬ 
fusa, Willd. and its variety aphrodisiacs, Ward. However, damiana 
leaves occur in commerce which are referable to other plants, 
c. g. Bigelovia veneta, Gray (Aplopappus discoideus, D. C.). 
To the diversity of source are due the differences in the volatile 
oils resulting from the several distillations, 

F. W. Pantzer-), in 1887, obtained 0.5 p.c. of a yellow oil with 
an aromatic odor and a warm, camphor-like, bitter taste. 

In one distillation, Schimmel Sj Co.") obtained in 1888, 0.9 p.c. 
of a green, viscid oil of a chamomile odor, sp. gr. 0.970; boiling 
temperature between 250 and 310". The highest boiling fraction 
had a blue color. 

From another lot of leaves the same firm') obtained, in 1896, 
I p.c. of an oil with the following properties; dO.943; 23’25'; 

S.V. 41.8. Upon -Standing in the cold a crystalline separation was 
observed at the surface resembling that which is found when 
rose oil begins to congeal. Hence it is probable that the oil 
contains paraffin. 


Family: CARICACEA:. 

497. Oil of Carica Papaya. 

The seeds of the melon tree, Carica Papaya, L. (family 
Caricacex), yield upon distillation a volatile oil which contains 
sulphur and nitrogen. The flowers have a taste reminding of 
that of cress. Like the stem and leaves, the roots, which also 

■) Comp. Damiana (The Mexican tea) by |. U. Lloyd, Pharm. Review ii 
(1>»4), 126. 

-) Americ. |oum. Pharm. o» (1887), 69. 

') Bericht von Schimmel 6 Co. April 1888, 44. 

*) Report ol Schimmel 8i Co. April 18#7, 15. 
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Family: Myrtace/I-:. 


have a pungent taste, contain an enzyme and a mustard oil- 
yielding glucoside'). According to D. Hooper'-) the seeds yield 
an allyl compound upon distillation. 

Family: THYMELACEj€. 

498. Aquilaria Wood Oil. 

The aloe wood derived from a species oi Aquilaria, presumably 
from A. malaccensis, L. (family Thyinclacese) is used in Java for 
perfumery purposes'). It is remarkably soft and white; however, 
when resinified it is hard and heavy like gonystilus wood*). 

Upon distillation with water vapor a small amount of oil 
was obtained with an odor reminding of gonystilol*). 'A few 
crystals separated but the amount could not be increased, after 
purification of the oil, by inoculation with gonystilol, hence they 
arc assumed to be different in composition. 

Family: LYTHRACEAf. 

499. Henna Oil. 

According to E. M. Holmes '), the flowers of the henna shrub, 
Ijtwsonia inermis, L. (family iythracex), which are used for 
dyeing in the Orient, contain a volatile oil that has an odor of 
tearose. 


Family: MYRTACEYE. 

500. Oil of Myrtle. 

Oleum Byrti. - Myrteniil. — Essence de Byrtk. 

Origin. The myrtle, Myrtus communis, L. (family Myrtaceai) 
which is widely distributed in the rocky, mountainous regions 
of the Mediterranean, more particularly of Spain, Italy and 

*) L. Guignard, |ouin. de Pharm. et Chim. V. 3S) (1894), 412, - C. Hart- 
wlch, Apotheker Ztg. t! (1902), 340. 

‘) Pharmaceutical lourn. 91 (1913), 369. 

') W. G. Boorsma, Bull. dip. de I'agricult. aux Indes Nderlandaises lINK, 
Mo. 7, p. 1. 

*) Comp. p. 158. 

') Pharmaceutical |oum. III. IV (1880), 635. 
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southern France, is characterized by its fragrant flowers and 
leaves. For the production of the volatile oil'), the leaves only 
are used, giving a yield of about 0.3 p. c. commercial oil. Myrtle 
oil is, for the most part, of French and Spanish origin. More 
recently oils of other geographic source have entered commeree. 
The Corsican oil is especially prized. 

Properties. Myrtle oil constitutes a yellow to greenish liquid 
of a pleasant, refreshing odor. Its properties, which vary some¬ 
what with reference to the commercial varieties, are herewith 
tabulated -). 







E.V. 

Soluble 

Oil from 

. d,5. 

'*0 

A.V. 

E.V. 

after 

.uetyf. 


Spain . . j 

1 0.91 :i 

.22" 1.467 


68 

103 

in 1 lo /, i.ircly '> vol. ol 

lo 

to to 

Up to 

to 

to 

8(' p. 1 .iJcohol 

1 0.925 

r25"20' 1.470 

1.7 

86 

117 



1 0.890 

■ 15 1.464 


19 

;f8 

in 0 T) vol oi 40 p. c. alcohol. 

tr-mce . . 

to 

to to 

up to 

to 

to 

tnoftt oils <irr sol in '» lo 


1 0.904 

: 25 1.468 

1.8 

43 

56 

to vol «>f 80 p. c. alcohol 

1 

1 0.883 

22 1.464 


13 

30 

Ml 1, o(.i.ision.ilIy only iti 

Corsica j 

to 

to to 

Up to 

to 

to 

2.5 vol. ol 40p. c. ale., inhol. 

0.887 

27 1.470 

1.7 

25 

,38 

m 10 vol of 80 p c. .ilcohni. 

1 

1 0.893 

‘ 11 1.463 


18 

54 

in 1, oic.ihion.illy only in 
5 vol of 80 p. c alcohol 

Syria . . 

' to 

to to 

Up to ' 

to 

to 

1 

1 0.922 

^ 26 1.468 

5 

31 

72 

Asia Minor 

0.913 

• 10 42' 1.467 

1.5 

.’)9.4 

94.9 

m 0.4 vol and more of 80 p c 
.ilcohol 

Cypres. . 

0.917 

8 11’ 1.463 

0.3 

20.9 

63.9 

in t vol. 80 p. i. iitcohol. 

1 

0.881 

25''52' 

0.3 

17 

392 

in 0.5, ocL.isionaity only m 

Algeria . | 

1 

to 1.4t>4 

up to 

to 

2.5 vol. and more of 40 p l 

[ 0.887 

; 27’30’ 

1.1 

20.6 


.ilcohol. 

Dalmatia . 

0.925 

■ 13 20' 1.466 

1.0 

134.8 

186.7 

Ill i.2vol of 70 p. L. alcohol. 


Composition. Fraction 158 to 160 consists of a dextrogyrate 
terpene ([u],,-f 36.8"), the chemical behavior of which 

indicated pinene"). Its identity with u-pinene was established 
by the preparation of its nitrosochloride'). A fraction of the 

') According to M. Raybaud ()ourn. de Pharm. II. 30 [1834], 463; Pharm. 
Zeniralbl. ISM, II. 932) the fresh fruits likewise contain volatile oil. 

’) Report of Schimmel S Co.. April 1903, 78; April 1909, 71; April 1910, 78; 
October 1911, 61; April 1912, 94, 

’) The “myrtene" of Gladstone, )ourn. chem. Soc. 17 (1864), 1 and 25 
(1872), I. 

‘) E. jahns. Arch, der Pharm. 227 (1889), 174. 
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same boiling temperature + 36’) was examined for camphene 
(treatment with glacial acetic acid and sulphuric acid) by 
Schimmel 5 Co.'). In one instance the crystals, after repeated 
recrystallization from petroleum ether, melted at 203 to 204°, in 
another at 205 . In neither case could the melting point be 
raised. This fact, as well as the appearance of the product, 
which clearly resembled borneol, indicated that it was not pure 
/soborncol, but a mixture of borneol and /soborneol. Treat¬ 
ment of the reaction product with diluted sulphuric acid gave no 
positive results and likewise indicated a mixture. Hence, all that 
can be said is that in the first fraction of myrtle oil there is a 
hydrocarbon which behaves like camphene. This does not exclude 
the presence of a third hydrocarbon which yields bornepi when 
treated with glacial acetic acid and sulphuric acid. 

The fraction that distilled about 176 contains cineol. 
Hydrogen chloride'-), also hydrogen bromide"), yield the cha¬ 
racteristic addition products which hydrolyze with water to 
pure cineol. 

Fraction 180’ consists of dipentene (m. p. of tetrabromidc 
125 ). In the higher boiling fractions H. v. Soden and Fr. Elze*) 
have found a new alcohol of the formula C,|,H,^0 which they 
named myrtenol. The alcohol occurs principally as acetic ester 
and was obtained from the ester fraction upon saponification 
with alcoholic potash. By converting the myrtenol into its acid 
phthalate m. p. 116 , it could be separated from, the accompanying 
alcohols geranio! and neroP). From its phthalate myrtenol was 
regenerated as a viscid, colorless oil of myrtle-like odor. B. p. 220 
to 221 (751 mm.); 79.5 to 80" (3.5mm.); d„,0.985; ((„49"25'. 
It can be acetylated quantitatively. 

Its constitution (see vol. 1, p. 391) has been revealed by 
F. W. Semmler and K. Bartelt"). 

Formerly myrtle oil was used extensively for the preparation 
of “myrtol”, as the fraction 160 to 180° was designated. The 

') Report of Schimmel S Co. April IIWJ, 73. 

') lahns, loc. cil. 

’) Bericht von Schimmel S Co. April tSfBI, 29. 

<) Chem. Ztg. (1905), 1031. 

Fr. EUe, Chem. Ztg. :M (1910), 857. 

«) Berl. Berichte 40 (1907), 1363. 
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southern France, is characterized by its fragrant flowers and 
leaves. For the production of the volatile oil'), the leaves only 
are used, giving a yield of about 0.3 p. c. commercial oil. Myrtle 
oil is, for the most part, of French and Spanish origin. More 
recently oils of other geographic source have entered commeree. 
The Corsican oil is especially prized. 

Properties. Myrtle oil constitutes a yellow to greenish liquid 
of a pleasant, refreshing odor. Its properties, which vary some¬ 
what with reference to the commercial varieties, are herewith 
tabulated -). 
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■ 13 20' 1.466 

1.0 
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Ill i.2vol of 70 p. L. alcohol. 


Composition. Fraction 158 to 160 consists of a dextrogyrate 
terpene ([u],,-f 36.8"), the chemical behavior of which 

indicated pinene"). Its identity with u-pinene was established 
by the preparation of its nitrosochloride'). A fraction of the 

') According to M. Raybaud ()ourn. de Pharm. II. 30 [1834], 463; Pharm. 
Zeniralbl. ISM, II. 932) the fresh fruits likewise contain volatile oil. 

’) Report of Schimmel S Co.. April 1903, 78; April 1909, 71; April 1910, 78; 
October 1911, 61; April 1912, 94, 

’) The “myrtene" of Gladstone, )ourn. chem. Soc. 17 (1864), 1 and 25 
(1872), I. 

‘) E. jahns. Arch, der Pharm. 227 (1889), 174. 
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FAMII.Y: MYRTACEiC. 


Allspice yields from 3 to 4,5 p. c. of volatile oil upon distilla¬ 
tion, the early stages of which are accompanied by a strong 
development of ammonia. 

Properties. Oil of pimento is yellow to brownish in color, of 
agreeable spicy odor, which reminds of that of cloves yet differs 
therefrom, and of a pungent taste. d,„, 1.024 to 1.055; u^) 0 40 

to 5 ’; n.,,,,,, 1.525 to 1.534; soluble in 1 to 2 vol. and more of 
70 p, c. alcohol, occasionally revealing opalescence and even 
turbidity upon dilution; phenol content 65 to 80 p.c., determined 
with 3 p. c. soda solution. 

Composition. The experiments of Bonastre‘), who prepared 
the alkali “salts" of the "acid” constituents of pimento oil, suggested 
that the .similarity of this oil with that of cloves might'be due 
to the identity of the phenol in both. Proof of the identity of 
both phenols was brought by C. Oeser'-) who isolated the eugenol 
by means of potasisium hydroxide and analyzed it. The ben¬ 
zoyl derivative which was prepared later, melted at 69 to 70’-'). 

The non-phenol constituents of the oil have been examined 
by Schimmel ft Co.-*). They were fractionated in vacuum. 

Cineol. The lowest boiling fraction (b.p, 40 to 50’ under 
5 mm. pressure) had a decided odor of cineol. After terpenes 
and other readily oxidizable substances had been removed by 
oxidation with 3 p. c. permanganate solution, the residual oil 
was distilled with steam and the oily distillate subjected to 
fractional distillation under ordinary pressure. Between 170 and 
180 a small amount was collected which, when oxidized with 
permanganate according to 0. Wallach and E. Gildemeistcr^), 
yielded cincolic acid melting at 202 to 203“. It was further 
identified by means of its iodol derivative melting at 112 ’. 

Ui-Phtillandretw. The next higher fraction («„ — 36 36') 
gave the phellandrene test with nitrous acid (m. p. of nitrite 
119 to 120“). Inasmuch as the nitrite was dextrogyrate ([«]j, 
in lOp.c. chloroform solution 4-95°) the underlying hydrocarbon 
is /-phellandrene. 

') |oum. de Pharm. IS (1827), 466. Comp, also ibidem It (1825), 187; 
Trommsdorffs Neues |oum. d. Hiarm. It, I (lffi!5), 127. 

“) Liebig's Annalen 181 (1864), 277. 

") Report of Schimmel & Co. April 1904, 75. 

') Liebig's Annalen 24« (1888), 268. 
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Caryophyllene. Fraction 120 to 125 ’ (6 mm.), when treated 
according to the Bertram-Walbaum method with sulphuric-acetic 
acid mixture, supplied a good yield of caryophyllene hydrate, 
m.p. 97', which was further characterized by its phenyl urethane 
melting at 137 . The caryophyllene nitrosate, after recrystallization 
from benzene, melted at 159 , the nitrolpiperididc at 146 to 147 '. 

Eugenol methyl ether. The high specific gravity {d„, 0.941) 
of fraction 120 to 125 (6 mm.) suggested the presence of 
oxygenated constituents in addition to caryophyllene. A Zeisel 
methoxyl determination gave a positive result. When oxidized 
with potassium permanganate fraction 248 to 260 yielded 
veratric acid melting at 179 to 180 , thus establishing the presence 
of eugenol methyl ether. 

Palmitic Acid. The alkali-soluble constituents upon distilla¬ 
tion yielded a residue which soon congealed to a crystalline 
mass. After recrystallization from diluted alcohol, fine needles 
were obtained that melted at 60 and the analysis of the silver 
salt of which agreed with palmitic acid. 

The presence of small amounts of terpene alcohols is prob¬ 
able, though no chemical proof therefore has yet been brought. 

The further investigation covered the assay of a norma[ 
self-distilled pimento oil which had the following properties; 
d|,, 1.044; i(|, -4 30'. The eugenol content was determined 
with 3 p.c. sodium hydroxide solution according to the methods 
of Verlcy and Boelsing (vol. I p. 593). The first method yielded 
78 p.c. eugenol, the second method 72.8 and 72.9 p.c. respectively. 
The methoxyl determination of the non-phenol oil according to 
Zeisel yielded the following results: 1.527 g. gave 1.9613 g. Agl. 
Computed for non-phenol oil - 43.6 p. c. methyl eugenol, for the 
total oil 9,6 p.c. 

504. Oil of Pimento Leaves. 

The Imperial Institute of London') reports on an oil distilled 
in lamaica from pimento leaves (Pimenta oflicinalis, Lindl., 
Myrtaceae) which possessed the following properties: d,j, 1.026; 
«„-^-5'30'; soluble in 1.6 vol. of 70 p.c. alcohol. 68 p.c. of 
the oil consisted of phenols, principally eugenol 


) Bull. Imp. Inst. 11 (1913), 438. 
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505. Oil of Bay. 

Oleum Myroia. - Bayil. - Essence de Bay. 

Origin. Inasmuch as the numerous species of the genera 
Pimenta and Myrcia are variable and resemble each other 
clo.sely, the minor botanical differences are not always noted 
while gathering the leaves, hence the commercial bay leaves 
are not always obtained from one and the same plant, but 
are mixtures of the leaves of several species'). According to 
E. M. Holmes-) the parent plant of the genuine bay leaves 
is Pimenta acris, Wight (Eugenia acris, Wight et Arnott) and 
not Myrcia acris, D.C. as stated by other botanists. 

The bay tree is indigenous to the West Indies, it thrives 
particularly in the island of Dominica, which supplies the best 
bay leaves, also in St. )ohn, Bermuda, Montserrat, Saba, .Antigua, 
Barbadoes and Porto Rico, but not in St. Thomas, the principal 
island for the production of bay rum. 

When the plants are five years old the leaves are picked for 
the first time, more especially during the dry months February, 
March and April, A ten year old tree yields annually from 60 
to 100 lbs. of leaves, for which the price of 2 cents per pound 
is paid in St. John. 

Experiments made in Montserrat with the cultivation of the 
bay tree have yielded fairly good results"). In 1908, 850 one 
year old seedlings were planted per acre, at a distance of 6 ft. 
in the row, the rows 9 ft, apart. Between the rows cotton 
was planted. The first leaf harvest was conducted in 1911 
when the shrubs were 6 ft. high. In another part of the island 
the yield from an experimental plot amounted to 2660 lbs. per 
acre in 1905 and 8844 lbs, in 1910, thus showing that the yield 
increases rapidly. 

In the Cameroons also the bay tree flourishes. An oil sent 
for trial to Schimmel 8i Co.*) by the Botanical Garden in Victoria 
was fully the equivalent of the \Vest Indian oil, (Comp. Properties.) 

‘) |. C. Sawer, Odorographia. London 1894, vol. II. p. 56. 

") Pharmaceutical lourn. III. 21 (1891), 837. 

*) Report of the Botanic Station, Montserrat 1910 to 1911, p. 16; Bull. 
Imp. Inst, to (1912), 147. 

‘) Report of Schimmel & Co. October 1903, 13. 
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In addition to the genuine bay tree there occurs in most 
of the West Indies enumerated, also in Tortula and Trinidad') 
a variety Pimenta acris var. dtrifolia (Myrcia pimentoides, D.C.; 
Pimenta dtrifolia, Kosteletzky) which is known as I.emondlla 
{Bois d'fnde dtron or “false bay”) because of the lemon-like 
odor of its leaves, which are therefore also known as citronella 
leaves. The oil obtained from these leaves is rich in citral, 
hence cannot be used as bay oil. 

As adulterant of bay leaves those of Myrda coriacea, D.C. 
have been observed. Moreover, the leaves of Canella alba, 
known in Antigua as “false" or “bastard cinnamon” are at times 
mistaken for bay leaves'). 

Production. Although, as already mentioned, the bay tree 
does not grow in St. Thomas, this island is nevertheless the 
principal place of production of bay oil and bay rum. The leaves 
used for distillation are imported principally from Porto Rico, 
St. )ohn and Dominica. Not only are the leaves, but the young 
shoots as well used for the purpose of distillation. They are 
distilled in copper stills of about 200 gals. (abt. 900 liters) 
capacity which will hold about 400 lbs. of green leave.s. The 
still is filled with water and 35 lbs. of common salt are added 
or one-third of the charge in sea water is used. The oil yield 
varies with the season, and the locality from which the leaves 
are obtained. On an average 130 to 140 lbs. of green leaves 
yield one flask (-■ ‘/<i gal. - 0.76 liter) of oil, corresponding 
to a yield of approximately 1.2 to 1.3 p.c. 

In the course of the distillation a part of the oil rises to 
the surface, another part sinks to the bottom. Both portions 
must be mixed in order to obtain a normal oil. This, however, 
is not always done properly since not infrequently oils are 
obtained which are either too light or too dense. The yield 
of oil from dry leaves fluctuates between 2.5 and 3.5 p. c. The 
oil from Dominica is regarded as an especially good product. 

The quality of the oil made in the Leeward Islands is poor, 
a fact attributable largely to careless distillation. Frequently the 

') Report of Schimmel 6 Co. October l»9(t, 73. 

•) Fr. Watts and H. A. Tempany, West Indian Bulletin U (ld08), 275; 
Report of Schimmel S Co. April 1809,21; October 1909,28. - W. C. Fishlock, 
West Indian Bulletin IS (1912), 513; Report of Schimmel 6 Co. April 1918, 30. 
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light and heavy oils are sold separately when it may occur that 
the light oil is rejected as having been adulterated with petro¬ 
leum. The yield from 120 to 140 lbs. of green leaves amounts 
to 26'-’ .1 fl. oz. (1.1 to 1.4 p.c.) 

Watts and Tempany') have studied the influence of the age 
of the bay leaves on the yield of the oil by distilling young and 
old leaves from Montserrat separately. The results, however, 
were such that no direct conclusions could be drawn. 

Bay rum is prepared by distillation of bay leaves with either 
rum of a high alcohol percentage or by mixing oil of bay with 
either rum or alcohol. The bay rum prepared by distillation is 
the best. For this purpose 65 gals, of Demerara rum are added 
to 400 lbs. of green leaves or 200 lbs. of dry leaves in a copper 
still and the apparatus filled with water. The distillate constitutes 
the genuine bay rum of commerce. 

Properties. Oil of bay is a yellowish liquid which, when ex¬ 
posed to the air, soon becomes brown; its odor is pleasant, remind¬ 
ing of that of clove oil; its taste pungent and spicy; d0.965 to 0.985, 
in case of poorer oils as low as 0.951; <(„ laevogyrate, up to - 2\ 
rarely up to -3’; n„.,„ 1.510 to 1.520; phenol content (eugenol 
and chavicol) 59 to 66 p.c., in case of poorer oils as low as 
40 p.c. (determined with 3 p.c. caustic solution); freshly distilled 
oil is soluble for the most part in 1 to 2 vol. of 70 p.c. alcohol, 
however, the solubility decreases rapidly, and frequently the oils 
give a clear solution with 90 p.c. alcohol only in concentrated 
form. This behavior is attributed to the polymerization of the 
myreene contained in the bay oil. 

Properties of oils of special sources. 


Source 

iv. 

"11 

rinio" Phenol Content 

Cameroons'O. 

0.9753 

3’ 

~ 64 p.c. 

Bermuda") 

1.0301 

-3'’4' 

1.53012 61 „ 

Guadeloupe . 

0.934*) 

2’46' 

38 „ 

«« 

0.926*) 

3M0' 

- 41 „ 

fl • 

0.980*) 

- r48' 

„ 


') WestlndUnBulletin»(lR08),273:ReportofSchiminel&Co.April l»Oi>,2t. 
’) Report of Schimmel Si Co. October 11H)8,13. 

’) Ibidem April 1»M, 13. 

*) Ibidem April 180!5, 13. 
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Source dn. non- Phenol Content 


Guadeloupe . 

. 0.9682 

-I°I2' 

35 p.c. 

»» 

. 0.9474 

- r20' 

24 „ 

t» • 

. 0.9627 

-r50’ 

43 „ 

Fiji Islands') . 

. 0.9893 

- r 1.52008 

23 „ 

n 

0.9605 

2 10' 1.51182 

24 „ 


Lemon bay oil. 

Citrdi 

content 

Trinidad") . . 

. 0.882(25°) 

- 0°37' 

- „ 65 p.c. 

Tortola") . . 

. 0.8937(,«;.) 

-0.16 

10 „ 44 „ 


Composition. The identity of the heavy constituent of the 
oil with eugenol, appears to have been first recognized by 
Cl. T. H, Markoe'). The first detailed examination of the oil was 
made by 0. Mittmann ■’). In addition to eugenol he found metfiy/ 
eugenol, the presence of which was later confirmed by others. 
Upon fractionation he obtained a small portion distilling between 
160 and 165” which he supposed to be a mixture of two terpenes. 
The tower boiling one he regarded as pinene, the higher boiling 
one as dipentene. 

According to a later investigation by F. B. Power and 
C. Kleber") neither of these two terpenes is contained in bay 
oil. However, a number of constituents, overlooked by Mittmann, 
were found. In the lowest boiling fraction (67 to 68° under 20 mm 
pressure) they found a new hydrocarbon, the first representative of 
the olefinic terpenes which they named myreene (see vol. I. p. 279). 

In addition to myreene, oil of bay contains \-phellandrene 
(nitrite) but no other representative of the terpenes. 

The oil freed from phenols and terpenes yielded with sodium 
bisulphite a sdlid compound which in turn yielded citral (citryl- 
,.:t-naphthocinchoninic acid). After removal of the citral an oil 
remained that had an anise-like odor and which consisted in part 

*) Report of Schimmel Co. October 1909, 27. 

*) Ibidem October lN9fl, 73 and April 1909,21. 

') Watts and Tempany, West Indian Bulletin 9 (1908), 275; Report of 
Schimmel a Co. April 1909,21. 

*) Proc. Am. Pharm. Ass. 25 (1877), 438; Pharmaceutical )oum. III. 8 
<1878), 1005. 

'■) Arch, der Pharm. 227 (1889), 529. 

“) Pharm. Rundsch. (New York) IS (1895), 60. 

OiiDBMiiisreii, The volatile oils. III. 
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ol wethylchavicol. Upon oxidation it anisic acid, and 

when treated with alcoholic potassa it was converted into anethol. 
The highest boiling portion of the oil contained methyl eugenol. 

Upon treating the phenols, recovered from their alkali deri¬ 
vatives, with methyl iodide. Power and Kleber obtained a mixture 
of methyl eugenol and methyl chavicol, thus revealing the pre¬ 
sence of chavicol side by side with that of eugenol in oil of bay. 

Arranged quantitatively, oil of bay contains the following 
constituents: eugenol, myrcene, chavicol, methyleugenol, methyl- 
chavicol, phellandrene, citral. 

In the aqueous distillate Schimmel S Co.‘) found methyl 
alcohol, lurlurol and diacetyl. 

Adulteration and Teste. Oils which differ from the normal by 
a low specific gravity are in many instances products in the 
bulking of which the correct proportions of light and heavy oils 
have not been observed. Sometimes, however, they are products 
adulterated with petroleum*). 

Inasmuch as oil of bay contains no pinene, adulteration with 
turpentine oil can be detected without difficulty. From 10 cc. of 
oil of bay contained in a small fractionating flask, I cc. is slowly 
distilled off. To the distillate 1 cc. of amyl nitrite and 2 cc. of 
glacial acetic acid are added. To the mixture, kept cold in a 
freezing mixture, a solution of equal parts of glacial acetic and 
hydrochloric acids is added drop by drop so long as a blue colora¬ 
tion is produced. In the presence of pinene a precipitation of 
pinene nitrochloride results. By this method the presence of 
10 p.c. turpentine oil in oil of bay can be detected. 

506. Oil of Bay Berries. 

Upon distillation, bay berries from the Bermudas “) yielded 
3.66 p.c. of a yellowish-brown oil with an aromatic odor that 
was distinct from that of ordinary oil of bay. d„.1.0170; 7°3': 

phenol content 73 p.c.; soluble in 1.5 vol. of 70 p.c. alcohol, the 
solution becoming turbid upon the addition of about 4 vol., soluble 
in 0.5 vol. and more of 80 p.c. alcohol., 

*) Repont'of Schimmel 6 Co. April IBOI, 13. 

') Ibid^ October 190S, 13. 

') tbidam April 1905, 85. 
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The phenols consist of eugenol (m.p. of benzoyl compound 
about 70°). The non-phenol oil is rich in \-phellandrene (m.p. 
of nitrite 103 to 104°). Myrcene does not appear to be present 
in the oil. 

Bay berries from Mauritius, which Schimmei 8i Co.') had 
obtained from the Imperial Institute in London, yielded upon 
distillation 3.3 p.c. of a light brown oil, which, as to odor and 
other properties, closely resembled those of West Indian oil of 
bay leaves. d„.,0.9893; <(„ —r20'; nn,„, 1.51902; eugenol con¬ 
tent 70 p.c.; soluble in 0.8 vol. and more of 80 p.c. alcohol. 

507. Oil of Campomanesia reticulata. 

From the fresh leaves of Campomanesia reticulata, Berg, 
(family Myrtaceae) which is indigenous in Brazil, Theo. Peckolt") 
obtained 0.0029 p.c. of oil upon distillation. It was limpid, pos¬ 
sessed a burning, spicy taste and an agreeable myrtle-like odor. 

508. Oil of Calyptranthes panlpulata. 

Labled as “May oil” Schimmei 8; Co.“) obtained from Porto 
Rico a distillate from Calyptranthes panicuiata, Ruiz et Pav. 
(family Myrtacex). The odor of this oil resembled that of lemon- 
grass; specific gravity 0.9509 at 15"; optical rotation - -r52'. 
Whereas the oil was soluble in 80 p.c. alcohol, it was but incomp¬ 
letely soluble in 70 p.c. alcohol. The oil contained 62.5 p.c. citral. 

509. Oil of Cloves. 

0l«um Ciryophyllorum. — Netkenitl. — Etienoe de flirotle. 

Origin and Production. The clove tree, Eugenia caryophyllata, 
Thunb. (Caryophyllus aromaticus, L.) an evergreen belonging to 
the family Myrtaceae is indigenous to the Philippines and is now 
cultivated in Amboina, Reunion, Mauritius, Madagascar and Malacca 
(Penang). On a larger scale, however, it is cultivated in the East 
African islands Zanzibar*) and Pemba, the two producing about 
seven-eighths of the entire world’s output of cloves. 

') Report of Schimmei $ Co. October lOtO, 21. 

‘i 'Berichte d. deutsch. pharm. Ces. IS (1903), 358. 

*) Report of Schimmei 6 Co. April ltl04, 95. 

*) Comp. 0. Baumann, OerSansi5ar-A/cA//re/. it. Heft, Die Inset Sanaibar, 
ULHeft, Die Inset Pemba. Leipzig 1897 and UWS. Likewise: A. Engier and 

13* 
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Cloves consist of the air-dried buds gathered before they 
are completely developed. The inflorescence is a cyme con¬ 
sisting of as many as 35 individual flowers. Each floret has 
a fleshy base (receptaculum) almost 1 cm. long, which at first 
is light in color, then becomes green and, shortly before the 
expansion of the bud, turns dark red. With this change in color 
the bud is collected and air-dried, because it is then richest in 
oil. The buds of cultivated trees, all parts of which are aro¬ 
matic, contain more oil than those of the wild tree. 

Formerly the fruits collected just before maturity entered 
commerce by the name of anthophylli, Ger. Mutternelken. 

For propagation perfectly fresh seeds only are suitable. 
They should be shipped under water. The seedlings grow very 
slowly and can be transplanted only after they are 3 or 4 years 
old. Moreover, they must be carefully protected against the 
direct rays of the sun. The difficulty in raising the tree has 
restricted its cultivation. Outside of Zanzibar and Pemba it is but 
rarely found. Pemba yields three times as many cloves as Zanzibar. 

The harvest must be collected in a comparatively short time. 
During it men, women and children spend the greater part of 
the day in the trees. The picked cloves are dropped into a 
cloth tied around the neck. Later the cloves proper are sepa¬ 
rated from the stems and dried on mats in front of the houses. 

As already stated, cloves consist of the unexpanded flower 
buds which, are picked as soon as they develop a delicate 
purplish-red color. If the picking be delayed too long the bud 
expands and a small, star-shaped, white flower makes its 
appearance. After a day or two the white floral leaves drop, 
the ovary swells and an olive-green fruit develops. This con¬ 
tains a large endocarp and has a purplish, fleshy pericarp, 
tasting of cloves, which is eaten only by monkeys. 

The clove trees are not pruned by the Arabs, hence develop 
into a dense mass of branches. Inasmuch as the buds develop 
only in the upper part of the tree, their harvest is rendered very 

nbau in Sansibar. liotizbl. bot. Cart. 

E. C. Craster, Pemba, the spice 
[HRicic may be found in the Chemist 


G. Volkens, 
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difficult and, in part, impossible. It is assumed that rational 
pruning and fertilizing would increase the yield by fifty per cent. 

For distillation purposes only the Zanzibar cloves (which 
designation includes those from Pemba) are used. The cloves 
from Amboina and Reunion are richer in oil and, on account 
of their better appearance, demand a higher price. The difference 
in oil yield, however, is not equal to the difference in price. 
The Madagascar cloves from St. Marie, on the north point of 
the island, demand the highest price. They yield a large per¬ 
centage of oil, which Paris perfumers regard as finer than other 
oils, an opinion that is not shared by all'). 

Cloves are distilled either entire or in comminuted con¬ 
dition. . According to the method of distillation (water or dry 
steam) either a relatively denser oil, richer in eugenol, or a 
lighter oil richer in non-phenol constituents, is obtained. The 
oily distillate floats in part on the water, in part sinks. By 
mixing both parts the normal oil is obtained. The yield from 
Zanzibar cloves amounts to from 16 to 19 p.c. 

Production and Commerce. As already mentioned, cloves 
and clove stems from East Africa alone come into consideration 
so far as the volatile oil industry is concerned. Hence the 
following statistics, taken from the reports of Schimmel 6( Co., 
apply to them only. 

The following figures record the annual harvest of cloves 
in East Africa from the year 1893 to 94 to the year 1911 to 12*): — 



Zanzibar 

Pemba 


Zanzibar 

Pemba 


Prasiias *) 

PraKilas *) 


Prasilas *) 

Praailaa*) 

1893/94 . 

. 197710 

402621 

1903/04 

. 28369 

96792 

1894/95 . 

. f02208 

307860 

1904/05 

79860 

675683 

1895/96 . 

. 165901 

413124 

1905/06 

. 181536 

109931 

1896/97 . 

. 84592 

224362 

1906/07 

. 55833 

202633 

1897/98 . 

44941 

150703 

1907/08 

. 213667 

541 998 

1898/99 . 

. 149417 

481565 

1908/09 

. 165733 

449685 

1899/1900 

. 59741 

206640 

1909/10 

. 109682 

300043 

1900/01 . 

. 37567 

201 192 

1910/11 

. 51996 

139307 

1901/02 . 

. 43626 

321599 

1911/12 

. 218023 

590771 

1902/03 . 

. 175420 

251780 





‘) Report of Schimmel h Co. April 1S83, 20. 

•) The harve.<!t year i$ from August !*• to |uly 31*'. 
“) I Frasila = 35 lbs. Engl. = 15.876 kg. 
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The annual export of cloves from Zanzibar, from which all 
East African cloves are shipped, amounted to^: — 


1898 . 

10856566 Ihs. Engl, valued 

at 2155956 Kup 

1899 . 

. 16593340 „ 



„ 2958487 „ 

1900 . 

, 11788095 „ 



„ 2372227 „ 

1901 . 

. 11962069 „ 



„ 2465373 „ 

1902 . 

. 10125769 „ 



„ 2957589 „ 

1903 . 

. 12092138 „ 



2795980 „ 

1904 . 

, 14502775 „ 



„ 4986449 „ 

1905 . 

. 15312952 „ 



4306090 „ 

1906 . 

, 15105760 „ 



„ 5349545 „ 

1907 . 

18214668 



5941817 „ 

1908 . 

. 14974872 „ 



„ 3974398 „ 

1909 , 

. 20285001 „ 



„ 4956142 „ 

1910 . 

. 12783149 „ 



„ 3802048 


Table of exports to individual countries and ports’*): — 



1898 

1898 

1899 

1899 

1900 

1900 


)h'i. 

Rup. 

)bs. 

Rup. 

lbs. 

Rup. 

Europe. . . 

4138086 

797375 

8028780 

1394217 

5235380 

1 031 952 

Rotterdam. 

— 


4473240 

786212 

2674160 

537810 

Amsterdam 



294000 

49395 

84000 

18000 

London. . 


- 

1432475 

254852 

1404968 

274520 

Hamburg , 

— 


1249850 

204267 

715260 

122912 

Marseilles. 

— 

... 

292215 

52229 

217000 

49800 

America . . 

729960 

149402 

648970 

110008 

719600 

150079 

Asia . . 

5912800 

1194032 

7599517 

1397837 

5769233 

1 177754 

Africa . 

75720 

15147 

316073 

56425 

63814 

12442 


1901 

1901 

1902 

1902 

1903 

1903 


tbs. 

Rup. 

Iba. 

Rup. 

lbs. 

Rup. 

Europe. . . 

4470632 

888110 

4160485 

852006 

3551966 

765411 

Rotterdam. 

2330764 

466168 

2210420 

472430 

677618 

— 

London . . 

1 841493 

364955 

1295910 

253490 

2014289 

_ 

Hamburg . 

125720 

23220 

425015 

78172 

465995 

— 

Marseiiles. 

133000 

25200 

188475 

39214 

251664 

— 

America . . 

252000 

50700 

412300 

88031 

852361 

189102 

Asia.... 

7081471 

1496053 

5412143 

1091456 

7560852 

1812787 

India {Bombay) 

-- 

— 

4924255 

996820 

— 

— 

Africa . . . 

153996 

30510 

140841 

26096 

126959 

28680 


') The export of cloves amounts to about 35 to 40 p.c. of the total export. 

”) Since the bills of lading are for optional transhipment to Rotterdam, 
London or Hamburg, the actual amounts may not agree with the declared 
amounts. So far as Germany is concerned, it should be noted that not all 
of its imports come via Hamburg. Many firms make their purchases in 
Holland and have them delivered by rail. 












1904 

1904 

1905 

1905 

1906 

1906 


lbs. 

Rup. 

lbs. 

Rup. 

lbs. 

R»p. 

Europe. . . 

7312375 

2633787 

5673319 

1676468 

8939789 

3176924 

Rotterdam. 

1096860 


1814460 

554887 

1543310 

557320 

London. . 

4779340 

— 

2762850 

820638 

2650919 

915629 

Hamburg . 

444995 

— 

633284 

181335 

3841300 

1387202 

Marseilles. 

251669 


218750 

54230 

585760 

207338 

America . . 

2056175 

713420 

1 769860 

401027 

717900 

238975 

Asia , . . 

4839524 

1601061 

7810508 

2123255 

5355875 

1901368 

India. . . 

— 

1554191 


1985878 

— 

1 782609 

Africa . . . 

94701 

38191 

59265 

15340 

92196 

32278 



1907 

1907 

1908 

1908 

1909 

1909 


lb». 

Rup. 

ibs. 

Rup 

lbs. 

Rup. 

Europe. . . 

10457830 

3387448 

7197375 

1894363 

10638889 

2596530 

Rotterdam. 

952006 

295300 

560351 

141 704 

3007720 

712148 

Londop . . 

3298930 

1 112693 

2283330 

600075 

1592492 

405447 

Hamburg . 

5529056 

1 770961 

3296968 

886785 

4498151 

nil 183 

Marseilles . 

418850 

125867 

894986 

225757 

1 041 827 

250876 

America . . 

1 102420 

306061 

651780 

184578 

2364940 

589941 

Asia . . . 

6553453 

2215262 

7051342 

1876332 

7183252 

1746728 

India 


2149154 

— 

— 

_ 

— 

Africa . . . 

100965 

33046 

74375 

18725 

97920 

22843 


1910 

910 

1911 

1912 




lbs. ■ 

Rup. 

Rup. 

Rup. 



Europe. . . 

4800676 

1 323287 

2411944 

Rotterdam. 

1685900 

432485 

— 

London . . 

565829 

215019 

811758 

Hamburg . 

2177370 

560317 

1267586 

Marseilles . 

188467 

59251 

— 

America . . 

1096215 

303592 

1050971 

Asia . . . 

6788231 

2138243 

3030477 

Africa . . . 

128019 

36926 

-- 


I>)43I07 

602838 
1 153547 

570952 

2594377 


The preceding figures taken from the Report of the German 
Consulate at Zanzibar, are, herewith, supplemented by data from 


the British Consulate. 

1904 

1905 

1906 

1906 

1907 

1907 


X StcrI. 

./•Sterl. 

Cwt. 

X steri. 

Cwt. 

^ Steri. 

Total export . . 


287073 

134882 

356836 

162631 

396121 

Great Britain . . 

119913 

54709 

23667 

62042 

26455 

74179 

British India . . 

98454 

132236 

44610 

112162 

56542 

134071 

Netherlands . . . 

24866 

36992 

13801 

37155 

8500 

19687 

United States . . 

47651 


6410 

15932 

9843 

20404 

German Empire 

9221 

12089 

34297 

92840 

49367 

118064 

France .... 

16274 

3615 

5230 

13822 

3741 

8391 

Austria-Hungary . 

3944 

■ 2573 

1344 

3522 

625 

1405 

Italy. 


— 

1469 

3685 

1688 

4103 

Other countries . 



4054 

9798 

2870 

• 

6811 
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Total export 
Great Britain 
British India 
rietherlands . . 
United States . 
German Empire 
France . . . 
Austria-Hungary 
Italia .... 
Other countries 


1908 

1908 

Cwt. 

..^Stcrl. 

133704 

264960 

20389 

40005 

61312 

121944 

5003 

9447 

5841 

12305 

29438 

59119 

8205 

15150 

759 

1456 

538 

926 

2219 

4708 


\m 

1909 

Cwt. 

Sterl. 

181116 

330410 

16004 

27030 

62329 

113314 

26826 

47475 

21 115 

39330 

40162 

74079 

9302 

16725 

2054 

3557 

2049 

3591 

1275 

5309 

1911 

1912 

Sterl. 

Cwt. 

436991 

136178 

54117 

16361 

198239 

:ilbTS> 

1975 

— 

70065 

23005 

84506 

32104 

7026 

1845 

5401 

2048 

6076 

1 156 

9586 

2924 


1910 

1910 

Cwt. 

Sterl. 

114135 

253470 

5052 

14335 

59106 

139946 

15053 

28828 

9787 

20240 

19440 

37 354 

1683 

3950 

629 

1415 

1005 

2337 

2380 

5065 


1912 

Slcrl. 

342173 

40189 

168935 

.38063 

76903 

4324 

4250 

2394 

7115 


Total export . . . 

1911 

Cwt. 

180905 

Great Britain . . 

23939 

British India . . . 

76070 

Netherlands . . . 

938 

United States . . 

31436 

German Empire 

36014 

France. 

3069 

Austria-Hungary 

2453 

Italy. 

2813 

Other countries 

4173 


Table of cloves imported into Germany via Hamburg. 


1898 

1899 

1900 

1901 

1902 1903 

13000 

24500 

27000 

19300 

- 17000 bales 

1904 

1905 

1906 

1907 

(1908/13 wanting) 

9600 

19500 

24000 

29600 

bales. 


According to the Hamburg Committee on Commerce and 
Shipping the following amounts of cloves were imported via 
the sea*). 


1908 . 

. . . 23202 dz. valued at 2367530 r.*" 

1909 . 

. . 27514 „ 

„ 2479380 „ 

1910 . 

. . . 20298 „ 

„ „ 1934350 „ 

1911 . 

... 21269 „ 

„ „ 2544600 „ 

1912 . 

. . . 21964 

„ 2400020 „ 

1913 . 

... 21 109 „ 

„ „ 2990600 „ 


I Privan* communication. 
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Clove stems. 

Concerning the production of clove stems but meagre data 
are available. The harvest of 1911 was valued at 193535 rupees, 
that of 1912 at 376775 rupees. Almost the entire harvest is 
exported to Europe, more particularly to Hamburg. The detailed 
figures, according to communications of the German Consulate 
at Zanzibar, are herewith tabulated. 



1898 

1898 

1899 

1899 

1900 

1900 


lb.'.. 

Rup. 

lbs. 

Rup. 

lbs. 

Rup. 

Europe . . 

. 584640 

24055 

3605245 

104351 

1 743426 

70453 

Asia . . . 

. 305561 

14845 

216483 

6748 

220447 

11621 

America. , 

. 3.36875 

19657 

555940 

31 708 

98000 

7 700 


Africa 



1901 

1901 

1902 

1902 

1903 


Ib.H. 

Rup. 

lbs. 


Rup. 

lbs. 

Europe . . 

. 1290868 

66556 

2158642 106927 

1738468 

Asia . . . 

. 210140 

13350 

177252 

9965 

197321 

America. . 

. 140000 

106000 

- 


— 

678178 

Africa . . 

• 

— 




— 


1904 

1904 

1905 

1905 

1906 

1906 


lbs. 

Hup. 

ibs. 

Rup. 

lbs. 

Rup. 

Europe . . 

. 1001 666 

96536 

3777062 285818 

2317305 

222607') 

Asia . . . 

. 145845 

12671 

63835 

3622 

63056 

6831 

America. . 

. 87655 

10003 

149426 

9680 


- 

Africa . . 

. — 

- 

- 


2065 

285 


1907 

1907 

1908 

1908 

1909 

1909 


lbs 

Rup. 

lbs. 

Rup. 

lbs. 

Rup. 

Europe . . 

. 2055415 

190197') 

2361964 

172398 

4318057 

278905 

Asia . . . 

. 48125 

4708 

34787 

2418 

42035 

3024 

America. . 

. 179900 

15060 

552160 

,39972 

186620 

12669 

Africa . . 

— 

— 

- 

— 

— 

— 



1910 

1910 

1911 

1912 


lb.A. 

Rup 

Rup. 

Rup. 

Europe . . 

. 2262293 

182386 

191 911 

374951 

London . 

— 


34184 

128059 

Hamburg 

— 

— 

147113 

237688 

Asia . . . 

42665 

3367 

1 112 

1824 

America. . 

— 

— 

— 

— 

Africa . . 

. — 

— 

— 

_ 


•) To Hambarg: 1906 213618 Rup., 1907 175648 Rup. 
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■ To the several European ports the following amounts (in 
lbs. Eng.) were shipped: — 



1898 

1899 

1900 

1901 

1902 

Hamburg , . 

. 456890 

2980110 

1478226 

1212668 

1873874 

London . . 

. . 74900 

370335 

83160 

33700 

46200 

Marseilles , 

. . :)8850 

179900 

28000 

31500 

27300 

Rotterdam 



-- 

112000 

— 

Amsterdam . 


- 

42000 

42000 

201095 


The imports (in dz.) of clove stems into Hamburg amounted 


1897 

1898 

1899 

1900 

1901 

1902 

1500 

3420 

9330 

7.305 

4160 

- 

1904 

1905 

1906 

1907 

1908 

1909 

3330 

12300 

8500 

12000 

7675 

13000 


According to statistics by the Hamburg Committee on 
Commerce and Shipping the imports, by water, of clove stems 
at Hamburg were'): — 


1908 .12064 dz. valued at 396 500 

1909 . 20552 545 830 „ 

1910 .10110 307 440 „ 

1911 . . . 8391. 361 390 

1912 .19756 727 610 „ 

1913 . 7336 „ „ 409 210 


The Government of Zanzibar possesses plantations covering 
an area of 17000 acres. 

The plantations of Madagascar comprise 400000 trees of 
which 230000 are on the island of St. Marie. They cover an 
area of 2.391 acres, of which 415 acres have b,een planted by 
Europeans. The export (almost exclusively to France) in 1911 
amounted to 288237 lbs. with a value of lOOOO.Z"'^. According 
to another statement, the exports in 1911 amounted to 128 tons 
and in 1912 to 207 tons“). 

According to A. Chevalier*) the clove tree is today fairly 
widely distributed in the French Congo, although a clove culture 

') Private communication. 

*) Pharmaceutical journ. 89 (1912), 571. 

’) Report of Schimmel S Co. October 191*, 46. 

‘) Compt. rend. 155 (1912), 1091. 



















































Oil of Cloves. 

cannot be regarded as existing. About 25 years ago the tree 
was completely unknown. In 1887 the first plantings were made. 
In 1893 the trees blossomed for the first time. A ten year old 
tree in the French Congo yields from 5 to 10 kg. of cloves. 



Fig. 17. Clove bales (Gonjes) 


Properties. According as to whether the cloves are distilled 
whole or in comminuted condition, oils of differing properties 
are obtained. Whole cloves yield an oil with high eugenol content 
and a density of more than 1.06; comminuted cloves an oil with 
lower eugenol’ content and a density below 1.06. When freshly 
distilled, clove oil is an almost colorless or but yellowish liquid, 
of highly refractive capacity, which becomes darker with age. 
Its odor is sharp and spicy, the taste persistently burning, 
di,. 1.043 to 1.068; Uj, up to - T 35'; n^„„ 1.530 to 1.535; soluble 
(sometimes with slight turbidity) in 1 to 2 vol. and more of 
70 p.c. alcohol. Only fresh, socalled extra light oils, are soluble 
in 2.5 to 3 vol. of 60 p.c. alcohol, the solution not infrequently 
becoming turbid upon dilution, only very high percentage oils 
yield solutions that remain clear. Eugenol content (determined 
with 3 p.c. hot soda solution; comp. vol. I, p. 59,1) 78 to 95 p.c., 
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very rarely up to 98 p. c. According to this assay the acet- 
eugenol present is determined as eugenol. 


Origin 

Properties of Special Oils. 

Yield of oil*) dij. “u 

Eugenol content 

Amboina") . 

19 p.c. 

1.0465 

--r4' 

79 p.c. 

Seychelles") . 

. 19.3 „ 

1.0470 

— r30' 

85 „ 

*1 

»» } * 

. 19.8 „ 

1.0485 

— ro' 

86 „ 

Ceylon ... . 

. 21 „ 

1.0456 

-2° 30' 

87 „ 

„ ... 

. 21.3 „ 

1.0477 

— 2° 

85 „ 

Matiritius*) . 

. 18.1 „ 

1.0514 

--0'’23' 

89.1 „ 

.. “) • 

. 

1.0614 

--0”24’ 

93 „ 

. • 

. 

1.0681 

-0°20’ 

96. „ 

Amani") . . 

. 16.6 „ 

1.0558 

- r4' 

92 „ 


Composition. Of the constituents of clove oil, eugenol, which 
is present in the free condition to the extent of 70 to 85 p.c. 
at first attracted the attention of chemists. (Comp. History, 
vol. I, p. 161.) 

Eugenol is the most characteristic and valuable constituent 
of clove oil. In addition to free eugenol, clove oil contains 
aceteugenol; according to E. Erdmann') 2 to 3 p.c., according 
to E. C. Spurge*) as much as 7 to 17 p.c. This ester is found 
in the non-phenol portion of the oil after treatment with diluted 
cold alkali. From it the aceteugenol can be removed by 
saponification with alcoholic potassa or concentrated aqueous 
potassa. 

As was already shown by A. H. Church"), the oil remaining 
after the removal of aceteugenol consists largely of a sesqui¬ 
terpene. This was more thoroughly examined by 0. Wallach “*) 


‘) On distillation of comminuted cloves. 

•) Report of Schimmel § Co. October 1904, 22. 

") Ibidem April 1912, 57. 

') Bull. Imp. Inst. 8 (1910), 3.—Report of Schimmel It Co. October 1910,40. 
") Report of Schimmel £| Co. April 1914, 47. 

“) ibidem April 1912, 57. 

’) lourn. f. prakt. Chem. II. 66 (1897), 143. 

") Pharmaceutical )oum. 70 (1903), 701, 757. 

») )oum. Chem. Soe. 28 (1875), IlSj Chem. Zentralbl. 1875, 215. 

“>) Liebig’s Annalen 271 (1892), 287. 
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and designated caryophyllene by him. For properties and deri¬ 
vatives see vol. I, p. 331 *). 

Caryophyllene occurs in clove oil in two modifications; the 
lower boiling portion of the sesquiterpene fraction consists for 
the most part of :l-caryophyllene, which is characterized by its 
blue nitrosite melting at 164 to 165 . Inactive a-caryophyllene 
boils somewhat higher (m. p. of nitrosochloride 177°) and is 
present in smaller amount. 

In the highest boiling portions there appears to be another 
strongly l«vogyrate hydrocarbon which has not yet been further 
examined*). 

The occurrence of small amounts of salicylic acid was 
pointed.out by H. Schenck*). The correctness of this state¬ 
ment, however, was questioned by M. Wassermann*). Definite 
proof of its presence was supplied by E. Erdmann'’) who sup¬ 
posed that it occurred as the acetosalicylic ester of eugenol. 
However, this supposition has not been verified, and H. Masson") 
showed that is was present as methyl ester. 

A number of minor constituents have been found by 
Schimmel £| Co. in clove oil. Of these the methyl-n-amyl ketone 
(oxidation to valeric and acetic acids; m.p. of semicarbazone 
122 to 123°)') is the most important. Although it is present 
only to the extent of a fraction of one per cent, it nevertheless 
exerts a noteworthy influence on the odor of the oil, being the 
bearer of Hie peculiar fruit-like by-odor. 

in to this ketone the lowest boiling portions contain 

methyl alcohol (m.p. of oxalate 54°)*) and furturo! (m.p. of 

‘) Concernirfg more recent literature on caryophyllene not mentioned 
in vol. 1, see Report of Schimmel £( Co. October 1910, tM.—C. W. Haarmann, 
Berl. Berichte 4.1 (1910), 1505. —E. Deussen, Liebig’s Annalen 874 (1910), til; 
388 (1912), 136.-F. W. Semmler and E. W. Mayer, Berl. Berichte 48 (1910), 
3451; 45 (1912), 1393. 

*) C. Vielitz, Beitrige zur kenntnis des Caryophyllens aus Ne/ken- 
bWtenOl. Inaug.-Dissert, Leipzig 1912, 14. 

") Liebig’s Annalen 125 (1863), 14. 

•) Liebig’s Annalen 179 (1875), 369. 

*) Loc. cit. 

") Compt. rend. 149 (1909), 795. 

’) Report of Schimmel S Co. April 1897, 45; April 1902, 24. 

") Ibidem October 1890, 27. 
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phenylhydrazone 96 )') to the presence of which the darkeninj 
of the oil may, in part, be attributed. A fraction consistini 
apparently of a terpene gave a negative test for «-pinene'') 
Possibly it contains ,i-pinene which was unknown at that time 
Like salicylic acid, benzoic acid is present as methyl ester ')*) 
Admixed with the esters, methyl heptyl ketone (m. p. of semi- 
carbazone 118 to 119°)') was identified but could not be separated 
by fractionation. 

Valeric aldehyde*) may be regarded as a probable con¬ 
stituent, When the lower fractions of the oil were shaken with 
acid sulphite solution and the compound thus removed regenerated, 
the characteristic odor of this aldehyde with its tendency to 
produce coughing, was developed. 

A number of new constituents have been described by 
H. Masson ■■). By treating fraction 50 to 75° (15 mm.) with 
phthalic acid anhydride, he obtained a mixture of alcohols, 
of which he identified methyl-n-amylcarbinol (heptanol-2) 
CHgCH(OH)(CH 2 ) 4 CH, (b. p. 157 to 158"; dg. 0.8344) and lurturvi 
alcohol (b.p. 170 to 171°; d„, 1.1615; m.p. of phenyl urethane 
97.5"). The methyl-n-amyl carbinol was further characterized 
by its oxidation to methyl-n-amyl ketone (b.p. 151 to 152°). In 
fraction 75 to 100° (15 mm.) Masson found methyl-n-heptyl 
carbinol (nonanol-2), CH,CH(OH)(CHg),CH„ (b.p. 195 to 196’; 
d„. 0.8399) and benzyl alcohol (b.p, 206"; d„. 1.0627) which 
were identified by their oxidation to methyl-n-heptyl ketone and 
benzoic acid respectively. He also revealed the presence of an 
unsaturated alcohol (methyl furfuryl alcohol?). The fractions 
coming over between 65 and 95° (15 mm.) contained, besides 
methyl-n-heptyl ketone, u-methyl lurfurol; b.p; 184 to 186° 
(ordinary pressure), 75° (20 mm.); d„. 1.1365. It was characterized 
by its semicarbazone (m.p. 210 to 211°), its phenylhydrazone 
(m.p. 147'to 148°) and by its oxidation to a-methylpyromucic 
acid (m.p. 107 to 108°). In fraction 105 to 120° (15 mm.) there, 
occurs a dimethyl furlurol (b.p. 206 to 208°) which, upon 

*) Report of Schimmel 6 Co. October 189«, 27. 

*) Ibidem April 1908, 25. 

’) Ibidem April 1902, 24. 

*) Ibidem April 1908, 26. 

*) Compt. rend. 149 (1909), 630, 795. 
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oxidation, yields a pyromucic acid melting at 129 to 130". The 
position of -the methyl groups could not be determined. 

Another substance which had previously been found in the 
oil, viz. vanillin'), may be assumed to have resulted by atmo¬ 
spheric oxidation of eugenol. It is noteworthy that the vanillin 
is already contained in the cloves. 

Tests. The best means of determining the value of clove 
oil is to assay its eugenol content, which has been described 
with sufficient detail in vol. I, pp. 591, 592, 593 and 596 to 598. 
The simplest method, which suffices for practical purposes, 
consists in shaking the oil with 3 p. c. soda solution in a cassia 
flask. However, care should be taken to heat the oil-soda 
mixture-in a water bath for 10 minutes with repeated shaking 
so as to make sure of the saponification of the aceteugenol. 
This assay yields the total eugenol content, viz. of free eugenol 
and its acetyl derivative. 

Although this simple method, which enables the recognition 
of most adulterants is available, grossly adulterated oils have 
been found in the market. Adulteration with 60 p.c. gurjun- 
balsam oil*), with camphor oil"), and with castor oil*), have 
been observed. More common, however, than direct adulteration 
is the substitution of the cheaper and less fragrant clove stem 
oil, the detection of which is possible only by a trained sense 
of smell. Possibly the fact that oil of cloves, but not the oil of 
clove stems contains aceteugenol may be utilized to differentiate 
the two oils. 


510. Oil of Clove Stems. 

Oleum Caryopbyllorum e stipitibui. — NelkenstlelSI. — EMunee de TIget d« GIrofle. 

Origin and Production. Clove stems, the flower stems of the 
cloves, are much less aromatic than the latter and, upon distil¬ 
lation, yield only from 5 to 10 p.c. of oil. 

As stated in vol. i, p. 163, oil of clove stems was distilled 
as early as the middle of the 16th century. During the early 

‘) A. forissen and C. Hairs, Revue intern, scient. popul. falsific. denrdes 
aliment 4 (1890), 32; Chem. Zentralbl. 1890, II. 828. 

’) Report of Schimmel £i Co. October 1906, 27. 

*) Ibidem April 1910, 43. 

*) Ibidem October 1912, 48. 
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twenties of the past century, clow stems were distilled with 
cloves as a means of cheapening the production of the oil*). 

Properties. In its properties oil of clove stems closely 
resembles that of oil of cloves. Its odor, however, is less 
agreeable, hence the oil is not used in high-class perfumery 
neither in pharmacy. 

According as to whether the stems are comminuted or 
not, a lighter or a heavier oil is obtained as with the cloves; 
d,„, f.040to 1.067; «„ up to ~V30'-. n,„„. 1.531 to 1.538; soluble 
in 1 to 2 vol. and more of 70p.c. alcohol; frequently the oils 
are soluble in 2.5 to 3 vol. of 60p.c. alcohol, but upon further 
dilution the solution may become opalescent and even turbid, 
more particularly those of older oils. Eugenol content (deter¬ 
mined with 3 p.c. soda solution) 85 to 95 p.c., rarely higher. 

A clove stem oil obtained from the Seychelles had the 
following properties; d^,. 1.0685; „„_0°17'; eugenol content 
almost 100 p.c.; soluble in 2 vol. and more of 60 p.c. alcohol. 

Composition. The amount of free eugenol in oil of clove 
stems is, as a rule, somewhat higher than in clove oil. The 
fact that oil of clove stems having the same density as oil of 
cloves yield, according to the benzoyl chloride method, a higher 
eugenol content *) than corresponding clove oils, is explained by 
the absence of the relatively more dense aceteugenol in the 
clove stem oils”). 

CaryophyUene, both <(- and /^-caryophyllene, also methyl- 
alcohol and iurfurol have been identified in clove stem oil*), 
judging by the odor, methyl amyl ketone is likewise present in 
clove stem oil though in much smaller amount. 

Several substances which seem to be wanting in clove oil, 
have been identified in clove stem oil, viz. naphthalene'-) and a 
sesquiterpene alcohol For the latter F. W. Semmler 

and E. W. Mayer") determined the following properties: b. p. 

‘) Martius, Buchner's Repert. f. d. Pharm. 86, II (1827), 278. 

*) H. Thoms, Berichte d. deutsch. pharm. Ges. 1 (1891), 286. 

”) E. Erdmann, )ourn. f. prakt. Chem. II. 56 (1897), 143. 

) For references to the literature on these compounds, see under Oil 
jf Cloves. 

") H. von Soden and W. Rojahn, Pharm. Ztg. 47 (1902), 779. 

") Berl. Berichte 46 (1912), 1392. 
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138 to 148° (8 mm.): d,„.0.%81; «„ -17; n„1.5010: mol. refr. 
found 68.18, computed for 68.07. judging from these 

data the sesquiterpene alcohol in question is bicyclic with one 
double bond, its chloride (b. p. 147 to 155" under 12 mm. 
pressure: d„„.0.990), when treated with alcoholic potassa yielded 
a hydrocarbon of the following properties: b. p. 123 to 126’ 
(10mm.): d,„.0.9273: <(,„„.-23": n,„,„.1.5024. 

From the vacuum distillation residue of the non-phenol oil, 
freed of its sesquiterpenes, E. Deussen') isolated about 0.1 p.c. 
of an amorphous substance which was insoluble in alcohol, 
revealed a rather indefinite melting point at 146”. To it the 
formula (CjjH,,„0)j was assigned. 

511. Oil of Clove Leaves. 

Upon distillation dry clove leaves yield about 4.5 p.c. of oil 
which resembles clove oil in its properties. 

A clove leaf oil from Zanzibar was examined by the Imperial 
Institute”) in London. It had the following properties: d„. 1.0652: 
soluble in 1.1 vol. and more of 70 p.c. alcohol: eugenol content 
85.7 p.c. 

For clove leaf oil, said to have come from the Seychelles, 
the following constants have been reported*): d^. 1.0489: 

—r35'; eugenol content 87 p.c.: soluble in 1 vol. and more 
of 70 p.c. alcohol. 

In the laboratory of Schimmel iS| Co.‘) six other Seychelles 
leaf oils have been examined: d,,. 1.0324 to 1.0493; Uj, —r40' 
to —1 53'; n„j„ 1.53329 (1 determination); eugenol content 78 
to 87 p.c.; soluble in 1.5 vol. and more of 70 p.c. alcohol; 
mostly becoming turbid after the addition of 2.5 vol. and more 
of solvent. 

The leaf oils from Mauritius revealed the following properties: 
d,.,1.061 to 1.067; —0°50' to -1°; n„„. 1.5363 to 1.5391; 

eugenol content 92 to 93 p.c.; clear solution with 1 vol. and 
more of 70 p.c. alcohol*). 

•) Berl. Berichte 42 (1909), 380, 680. 

Bull. Imp. Instil (1913), 438. 

’) Ibidem 6 (1908), 111. Comp, also Report of Schimmel h Co, October 
IW)!, 37 and October 1908, 48. 

*) Report of Schimmel h Co. April 1914, 47. 

GlLDCMCiSTEK, THE VOLATILE OILS. lii. 


u 
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512. Oil of Anthophylli. 

As has been stated on p. 196, the berry-like fruits of the 
clove tree, collected just before maturity, are known as antho¬ 
phylli, Ger. Mutternelken. In an experimental distillation, 
Schimmel £) Co. obtained 2.03 p.c. of a brownish oil with an 
odor of cloves, but fainter. The following constants were de¬ 
termined: d, 5 .1.0933; ((„—3°ir; n|,.j„. 1.54332; phenol content 
(determined with 3 p.c. soda solution) 88 p.c.; soluble in 1.8 vol. 
and more of 70 p.c. alcohol. Noteworthy is the unusually high 
specific gravity, for it exceeds even that of eugenol (d,,. 1.071 
to 1.074). This difference was emphasized even more in the 
specific gravity of the isolated phenols, 1.1210 at 15°. The 
explanation is found in the fact that only about 60 p.c. of the 
phenols consist of eugenol, the remaining portion consisting ol 
a solid substance. Computed for the original oil, the latter 
amounts to about 35 p. c., the eugenol content about 53 p. c, 

The solid phenol has a faint paraffin-like odor and is 
well-nigh insoluble in water, but more or less soluble in the 
common organic solvents, also in aqueous alkali. From alcohol 
it crystallizes in handsome, thick crystals melting at 44 to 45.5°, 
It boils between 309 and 310° (754 mm.) and 146 to 149° (4 mm.), 
It is optically inactive. In the superfused condition its density 
is 1.188 at 15". With benzoyl chloride it reacts energetically. 
Recrystallized several times from alcohol the benzoate melts al 
87 to 88 °. 


513. Cheken Leaf Oil. 

The leaves of Eugenia Cheken (Molina) Hook, et Arn 
(Myrtus Cheken, Spr., family Myrtaceae) which are indigenous 
to Chili and which have repeatedly been recommended foi 
medicinal purposes, contain about 1 p.c. of an oil') which 
closely resembles the ordinary oil of myrtle. 

It is limpid, of yellowish-green color and has a pleasant 
odor reminding of eucalyptus and sage. d,j.0.8795; i(|-f23.5° 

The bulk of the oil, about 75 p.c., boils between 155 tc 
157°; d 0.8635; -|-31.28°, has the composition C,„H,„ and 


‘) Weiss, Arch, der Pharm. 328 (1888), 666. 
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with hydrogen chloride yields a monohydrochloride melting at 
120°. Heated to 260 to 270° it was changed to dipentene 
(m. p. of tetrabromide 125 to 126°*). From this it becomes 
apparent that the hydrocarbon boiling between 155 and 157' 
is d-a-pinene. 

The fraction boiling about 176° is c/neo/(15 p.c.) as shown 
by the red crystals of cineol dibromide, C,„Hj,OBr,j, formed when 
bromine is added to the petroleum ether solution. 

About 10 p.c. of the oil passes over between 220 and 280 ’. 
The composition of this fraction has not yet been determined. 


514. Oil of Eugenia Jambolana. 

From the seeds of Eugenia /ambolana, Lam., a myrtaceous 
plant of the East Indies, known as |ambul seeds, F. B. Power 
and T. Callan') isolated 0.05 p.c. of a volatile oil with the 
following properties: d|[)!: 0,9258; «„ — 5 42'. Its color is light 
yellow and the odor pleasant. The boiling temperature lies 
between 145 and 155' (25 mm.). 

515. Oil of Eugenia apiculata. 

A Chilean drug known as Arrayan is very popular as a 
remedy against diarrhoea and lung troubles. According to 
0. Tunmann -) it consists of the young leaves of a small tree, 
Eugenia apiculata, D.C., family Myrtaceae, which are about 
15 mm. long and 10 mm. wide. In addition to a tannin-yielding 
glucoside it contains a volatile oil to which its medicinal virtues 
are attributed*. Schimmel 8) Co.®) worked up a lot of these leaves 
and obtained 1.27 p.c. of an oil of a brownish color, the odor 
of which reminded of myrtle, and with the following constants: 
d„.0,8920; <<„ 4-12°40'; n„,,„. 1.47821; A.V. 5,5; E.V. 25,8; E.V. 
after acetylation 65,3; soluble in 0.5 vol. and more of 90 p.c. 
alcohol, from the diluted solution of which paraffin separated; 
in 10 vol. of 80 p.c. alcohol the oil is not soluble. 

') Pharmaceutical Joum. N8 (1912), 414. 

-) Pharm. Zentralh. 60 (1909), 887. 

•) Report of Schimmel S Co. October 1910, 145. 

14* 
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516. Oil of Eugenia occlusa. 

As "salam oil” *) there was sent to Schimmel S Co.®) a sample 
of oil which had been distilled, with a yield of about 0.05 p.c., 
from the leaves of Eugenia occlusa, Kurz (Syzygium occlusum, 
Miq., family Myrtaceae). This plant is esteemed as a spice by 
the )avanese. At about -j-12 the dark-brown oil separates 
crystals (paraffin?). In addition to other aldehydes it contains 
not inappreciable amounts of citral. The recrystallized semicar- 
bazone melted at 135". The oil possessed the following con¬ 
stants: dj„,.0.9567; - 140'; n,„„, 1.48614; soluble in 0.5 vol. 

and more of 90 p.c. alcohol. 

517. Oil of Eugenia uniflora. 

According to Th. Peckolt") the seeds of Eugenia unillora, L. 
(Stenocalyx Michelii, Berg, family Myrtaceae), known in Brazil 
as Pitanga amarella, yield 0.043 p.c. of a yellowish volatile 
oil possessing an aromatic, pepper-like odor and taste. From 
the leaves 0.140 p.c. of oil, specific gravity d, 5 ,0.963, were 
obtained. 


518. Oil of Backhousia citriodora. 

Origin. Backhousia citriodora, F. v. M., a tree of the family 
Myrtaceae, is an Australian tree that is found exclusively between 
Brisbane and Gympy (Queensland) and which is in danger of 
extinction because this coastal region is being deforested more 
and more for other purposes®). Inasmuch as the oil yield is 
but small (about 0.7 p.c.)'), the expectation that this oil might 
serve as a source for citral will scarcely be realized"). 


') In F. S. A. de Clercq’s "Nieuw plantkundig woordenboek voor Neder- 
/andsch-lndif", Amsterdam 1910, p. 233, Sa/am is stated to be derived from 
Eugenia potyantha, Wight. 

') Report of Schimmel ^ Co. April 1911, 123. 

") Berichte d. deutsch. pharm. Ces. IS (1903), 130. 

*) R. C. Cowley, Chemist and Druggist 81 (1912), 523, 965. 

') Hence the statement of a 4 p.c. yield made in the previous edition 
must be based on an error. 

°) Chemist and Druggist of Australasia (1912), 271; Report of Schimmel. 
S Co. October 1918, 119. 
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Propertie*. The yellowish oil possesses a strong citral odor. 

0.895 to 0.900; optically inactive; ni,,,,. 1.486 to 1,488 (three 
determinations); soluble in '/- to 3 vol. of 70p.c. alcohol; citral 
content about 95p.c. 

Composition. The oil is one of the first in which the presence 
of citral was established^). In addition to citral, small quan¬ 
tities of other substances are present which impart the charac¬ 
teristic odor peculiar to this oil*). 


The Eucalyptus Oils. 

Origin. The genus Eucalyptus (family Myrtacew) distinguished 
by its numerous species, is one of the most characteristic represen¬ 
tatives of the Australian flora. Because of the few demands it 
makes upon the soil, and because of its rapid growth, it has 
been transplanted to other continents, in marshy districts, the 
haunts of malaria, the eucalyptus tree renders great service 
because of the rapidity with which it drains the .soil. (Comp, 
p. 244). Hence it is also known as fever tree. As reported 
by E. de Wildeman") the first specimens made their appearance 
in Europe in the botanical garden of Naples about the beginning 
of the 19'" century. It was not, however, until the close of the 
sixties that its importance as a forest tree was recognized. Into 
France the eucalypts were introduced in 1854 and their culture 
spread gradually into the territories bordering on the Mediter¬ 
ranean. At the same time, the French took the tree, more 
particularly E. Globulus, to their colonies in northern Africa 
where large plantations are to be found at the present time. 
Since 1870 the cultivation of E. rostrata, Schlecht., has been 
conducted intensively. Other species have been planted in 
private gardens and are but of limited importance in the plan- 


') Bericht of Schitnitiei 6 Co. April ISSb, 20 and October ISSS, 17; 
comp, also Report of Schimmel C| Co. April ISOa, 83. 

*) |. C. Umney and C. T. Bennett, Chemist and Druggist 88 (1906), 738. 
*) Notices sur des plantes utiles ou intiressantes de Is fhre du Congo, 
Brussels 1903 I. 175 to 221. 
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tations. In the East Indies the cultivation was begun in 1863. 
The greatest success has been recorded in the Nilgiris. At the 
present time Australia, India, Algeria and several other Mediter¬ 
ranean countries are the principal producers. North America, 
where the tree was planted immediately after its introduction 
into France, also promises well. Finally, the English colonies 
of South Africa should be mentioned. The English and German 
colonies of tropical Africa, also the Congo State cultivate the 
eucalyptus tree with success. In the lower Congo and Katanga 
E. Globulus is being favored. In German East Africa and German 
Southwest Africa four species are being tried out: — £. loxophleba, 
Benth., E. redunca, Schau., E. salmonophloia, F. v. M., and 
E. salubris, F. v. M. 

Next to the palms the cucalypts are probably the mo.st 
useful trees. They serve as shade trees and as windbreaks; 
they yield gum, resin, honey; they serve as lumber, fuel and 
in the production of oil. As a result of their rapid growth all 
of these useful products can be attained in a relatively short 
time. More recently caoutchouc has been found in some of the 
species, even in the leaves. 

Almost all species of Eucalyptus contain volatile oil in their 
leaves, certain species even in relatively large amount. Although 
the eucalyptus oils contain a wide range of chemical substances, 
certain regularities as to distribution in the several species 
have been observed. According to R. T. Baker and H. G. Smith *) 
it is possible even to prejudge the principal constituents from 
the venation of the leaves. They differentiate, mainly, between 
three groups. The oil of the first group, the leaves of which 
have a thick midrib and the marginal veins of which are very 
close to the margin itself, contain principally pinene, but neither 
eucalyptol nor phellandrene. In the second, eucalyptol-containing 
group the midrib is less prominent and the marginal veins recede 
somewhat. The venation of the third, phellandrene-containing 

‘) A Research on the Cucalypts especially in regard to their Essential Oils. 
Sydney 1902. The description of the eucalyptus oils contained in this treatise 
is based on the above-mentioned monograph. The arrangement of the oils 
is according to B. and S. whichj however, is defective in many respects. 
For purpose of reference the title of this monograph, enhanced by numerous 
illustrations, is abridged as “Research, p.". 




The Eucalyptus Oils. 215 

group is very different; the midrib is very thin and the pennate 
venation is wanting. 

This theory, however, is not supported by all experts. Thus, 
|. H. Maiden*) maintains that neither volatile oil nor manna and 
kino are essential characteristics, but accessory and adaptive, 
hence, they should not be used alone but as mere accessories 
in the chemical diagnosis. The botanical classification for the 
nomenclature of genera, species and varieties should be based 
on morphological characteristics. It is on these principles that 
the large, purely botanical work of ). H. Maiden, “A Critical 
Revision of the genus Eucalyptus” (Sydney) with numerous plates 
is based-). 

Production. The Australian eucalyptus oil industry was first 
established (1854) in Victoria by Bosisto (Comp. vol. I, p. 167). 
From there it spread to .southern Australia, then to Tasmania 
and Queensland. In Victoria the principal places of production 
are Melbourne aud the surrounding country, the shores of Lake 
Hindmarsh, and Bendigo; in South Australia, Adelaide, Punelroo on 
the Murray and in the Kangaroo islands; in Queensland Brisbane, 
Gladstone, Rockhampton, Inghamstown and Wallaroo; inTasmania, 
Hobart and Spring Bay. 

In Australia the leaves of the several species used for 
di.stillation are not always kept separate with sufficient care, 
hence the botanical designation of a commercial oil is not always 
reliable. 

As a rule the distillation is carried out in a rather primitive 
fashion. Frequently cubical iron containers of 400 gals, (about 
1500 1.) capacity supplied with a cover that can be screwed on, 
are converted into a readily portable .still. The material to be 
distilled rests on a false bottom, supported about 22 cm. from 
the bottom of the still, so that it is not brought into contact 
with the water itself. Heat is supplied by direct fire. The 
vapors pass through a tube 5 cm. in diameter into the condenser. 
Occasionally larger stills are met with, namely of from 800 to 
2000 gals, capacity. These are made of wood and for distilllation 

') lourn. and Proceed. Royal Soe. of N. S. W. 36 (1902), 315; Report of 
Schimmel 6 Co. October 1903, 37. 

*) Up to the present time two volumes have appeared. 
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steam, generated in a separate boiler, is used. The crude oil 
is not serviceable as such but must be treated with sodium 
hydroxide and rectified for the purpose of removing saponifiable 
substances and the irritating aldehydes which induce coughing. 
However, the complete destruction of the readily volatile alde¬ 
hydes is not thus accomplished. The oil thus rectified is the 
common eucalyptus oil of commerce. About ten per cent, of 
the oil remains behind with the caustic soda as a kind of soap 
of a dark brown color and syrupy consistence. This residue 
known as “eucalyptus tar" or “resin oil", is used as a cheap 
disinfectant or for perfuming ordinary soaps. Not infrequently 
it is discarded. 

The yield of oil obtained from the several species varies 
greatly as is revealed by the accompanying table taken from 
the publications of Baker and Smith. 

Compared with the oil production of Australia, that of other 
countries is small. Toward the close of the past century fairly 
large amounts of Globulus oil were distilled in Algeria'). At 
present however,* the distillation seems to have ceased altogether. 
The Portuguese oil"), which appeared in the market for a time, 
has also disappeared. Small distilleries, which produce for 
home consumption, exist in southern France (Fig. 18), in Italy"), 
in India (in the Nilgiris*)), in Transvaal"), and in Mexico"). 
In all of these countries the leaves of the Eucalyptus Globulus 
are distilled. In California, where a number of Eucalyptus 
species are cultivated’), the leaves, which are obtained as 
a by-product when the Globulus trees are felled, are distilled for 
their oil") yielding about 0.3 p. c. It is used mostly for medi¬ 
cinal purposes. 

*) Report of Schimmel £( Co. October lSf)7, 27; October 1901, 27; 
April lOOa, 38. 

'-■) Ihidem October 1897, 27; April 1904, 51; October 1904, 31. 

") Chem. Ztg. »• (1906), 1083. 

*) Report of Schimmel S Co. April 1891, 34; April 1907, 52. 

") Ihidem April 1909, 53; October 1909, 67. 

") Ibidem October 1910, 65. 

’) M. D. Ingham, Bulletin No. 196 of the Agricultural Experiment Station 
in Berkeley; |oum. d'Agriculture tropicale 10 (1910), 91. 

*) F. Rabak, Americ. Perfumer 5 (1910), 220. 
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Fig. 18. Eucalyptus oil distillation in Southern France. 
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Table of oil yield*) of different species of Eucalyptus beginning 
with the lowest yield and ending with the highest. 

Yield in p.c. Yield in p.c. 


ohtusifoliH und Thozetiana £■ Luehmanniana .... 0.289 

exceedingly small „ stellulata .0.293 

„ rubida . 0.0084 „ Flelcheri .0.294 

gomphocepliala .... 0.031 Rudderi .0.309 

,, aggregate .0.04 „ macrorhyncha . ■ . up to 0.31 

„ nigra .0.041 „ Baetierleni .0.328 

siderophhia . ... 0.056 „ punctata var. didyma up to 0J7 

„ corymbosa .0.06 „ berni/ampra .0.375 

„ Ptanchoniana .0.06 Gunnii .0.387 

„ acmenioides . 0.089 „ Stuartiana .... 0.394 

„ capite/lata .0.1 „ rostrata .up. to 0.4 

.. at bens . O.IOI ,, sideroxylon var. pat lens . 0.4035 

., paniculata .0.104 „ resinifera .0.414 

„ niclanophloia ... . 0.105 ., WooUsiana . 0.4435 

,. bntryoides .0.106 .. coriacea .0.452 

., Macartburi .0.112 ,. eximia .0.462 

fastigata .0.115 ,, micrutbeca .0.478 

., intermedia .0.125 Rodwayi .0.482 

carnea .0.155 „ tereticornis .0.482 

,. umbra .0.155 „ Sieberiana .0.494 

., crebra .0.159 „ stricta .0.494 

,. robusta .0.161 „ nova-angUca .0.5013 

„ lessellaris .0.162 microcorys .0.51 

„ Dawsuni .0.172 „ bicolor .0.52 

.. pilularis .up to 0.176 „ longifolia .0.535 

„ angopboroides .0.185 „ lactea .up to 0.573 

acaciaeformis .0.197 „ bemipbloia .0.575 

„ tracbypbloia .0.2 „ ovalifolia var. lanceolata . 0.579 

„ acervula .0.212 „ citriodora .0.586 

,. maculata . 0.228 „ conica. ........ 0.587 

., propinqua . 0.235 „ cocci/era .0.609 

„ marginata . . . . up to 0.24 „ Behriana .0.614 

,, paludosa . 0.243 „ intertexta . . . . up to 0.64 

., calopbylla . 0.248 „ squamosa .0.644 

patentinervis . 0.254 „ apiculata .0.65 

salignavat.pallidivalvisupto0.255 „ laevopinea .0.66 

„ affinis . 0.259 „ taeniola .0.66 

„ ovalifolia .0.27 „ quadrangulata .0.68 

baemastoma . 0.278 „ viminalis var. a ... . 0.7005 


*) In iiil cases where several yields are recorded in literature the highest 
percentage only is given. 
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f. /fossii .... 

Yield in p.c. 

.... 0.719 

£ Maideni . . 

Yield m p.c. 

.... 1.007 

„ viminalis. . . 

. . up to 0.74 

„ viridis . . . 

.... 1.06 

„ sideroxylon. . 

.... 0.743 

„ maculosa . 

.... I.06I 

„ Bridgesiana 

. . up to 0.75 

,. oleosa . . 

.... 1.064 

,. oMiqua . . . 

. . up to 0.77 

Stuartiana var. 

cordata . 1.13 

„ piperita . . . 

.... 0.78 

„ ttmigera . . . 

.... 1.13 

„ tereticornis var. 

linearis . 0.783 

., oreades . . 

.... 1.16 

„ virgata . . . 

.... 0.79 

„ punctata . . 

. . up to 1.19 

„ eugenioides 

. . up to 0.795 

„ rostrata var. borealis up to 1.191 

vernicosa . . 

.... 0.807 

„ dextropinea 

. . up to 1.2 

„ regnans , . . 

. . up to 0.82 

„ redunca . . 

.... 1.205 

,. diversicolor. . 

.... 0.825 

,. Andrews! 

.... 1.27 

,. poiyanthema 

.... 0.825 

„ Muelleri . . 

.... 1.28 

Cambagei . . 

. . up to 0.835 

„ dnerea . . 

. . up to 1.3 

.. pendiiliC ■ . . 

.... 0.843 

., camphora 

. . up to 1.34 

„ dtxtropinea. . 

. . up to 0.850 

„ polybractea . 

.... 1.35 

,, campamilata . 

.... 0.851 

„ ffisdoni . . 

.... 1.35 

.. popiilifolia . . 

. . up to 0.856 

„ salubris . . 

.... 1.391 

„ deaibata . . . 

.... 0.857 

„ odorata . . 

.... 1.4 

„ melliodvra . . 

.... 0.866 

salmonoph/oi’a 

.... 1.44 

iinialata . . . 

.... 0.897 

,. vitrea . . . 

.... 1.48 

„ Bailey ana . . 

.... 0.9 

„ Murrisii . . 

. . up to 1.69 

„ gracilis . . . 

.... 0.901 

„ Smitbii . . 

. . up to 1.78 

.. Globulus . . . 

. (tre.sh) 0.918 

„ linearis . . 

. . up to 1.8 

.. occidentalis . . 

.... 0.954 

radiata . . 

. . up to 1.88 

„ gonioca/yx . . 

.... 0.959 

delegatensis 

. . up to 1.94 

„ Bosistoana . . 

.... 0.968 

pulverulenta 

. ... 222 

„ WHkinsoniana . 

.... 0.975 

„ cordata . . 

.... 2.32 

,. fraxinoides . . 

.... 0.985 

., dives . . . 

. . up to 2.89 

„ dumosa . . . 

. . . ca. 1 

„ Globulus. . 

(dry) up to 3 

„ Perriniana . . 

. . . ca. 1 

„ Staigeriana . 

. . up to 3.36 

„ phlebophylla . 

. . . ca. 1 

amygdalina . 

.... 4.215 


Adulteratiofl. Inasmuch as the eucalyptus trees grow mixed 
in the production areas of Australia, the commercial oils are 
rarely the product of a single species. Moreover, the oils are 
mixed in order to secure a definite eucalyptol content or for the 
purpose of cheapening a given oil. Inasmuch as the cineol 
content of the cineol-containing oils is universally regarded 
as the measure of value, the cineol assay is unavoidable in 
passing judgment on an oil. For the methods employed see 
vol. 1, p. 600. 

On account of the low price of eucalyptus oil, adulterations 
proper have been observed but rarely. In an oil with a high 
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specific gravity and a relatively low cineol content, C. T. Bennett*' 
found castor oil. When the oil in question was distilled in vacuum 
the castor oil remained behind and could be recognized by its 
high S. V. and its behavior toward petroleum ether. 

Uses. Originally eucalyptus oil was used exclusively foi 
medicinal purposes. It is still used as a domestic remedy: foi 
embrocations, inhalations, as vermifuge and for similar purposes 
The amounts thus used are considerable, more particularly ir 
Australia where a bottle of eucalyptus oil is to be found in ever] 
household. In Europe the Globulus oils rich in cineol are preferrec 
to those containing phellandrene. As to whether cineol or phel 
landrene, or some other constituent is the pharmacologicallj 
valuable ingredient of the oil, there exists a difference of opinion’*) 
In this connection reference should be made to a publication b] 
C. Hall*) on the therapeutic value of eucalyptus oils with specia 
reference to their antiseptic value from the Pathological Institute 
of the University of Sydney. 

A large part of eucalyptus oil is consumed in the productior 
of eucalyptol, but still larger amounts are used in the Australiar 
mines for the flotation of lead and zinc sulphides from admixec 
rock. Inasmuch as the phellandrene-containing oils are besi 
adapted to this purpose, this process will be described undei 
the principal representative of this group, the Eucalyptus aniyg 
dalina (see p. 278). Not to be underestimated are the amounts o 
the cheaper phellandrene-containing oils used in ordinary .soaps 

The individual oils hereinafter described are arranged accord 
ing to the classification of Baker and Smith as carried out ir 
their monograph already alluded to. The following groups*) art 
recognized by them: — 

‘) Chemist and Druggist OH (1905), 33. 

*) Ibidem (J9I0), 271, 669. — Evans Sons Lescher and Webb Ltd. 
Analytical Notes 1910. Chemist and Druggist of Australasia 37 (1912), 396.— 
Report of Schimmel 6 Co. October 1910, 66; April 1911, 72; April 1914, 61 
The two last references deal with the lup of eucalyptus oil in scarlet fever am 
measles. ™ 

*) On eucalyptus oils especially in relation to their bactericidal power 
Parramatta, N. S.W. 1904; Report of Schimmel Si Co. October 1904,37. 

*) This classification cannot always be carried out strictly. Occasional^ 
an oil will be found which should be arranged with another group. 
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I. Phellandrene-frec oils, which consist for the main part of 
pinene with little or no cineol. 

II. Oils which consist principally of pinene and cineol, the 
cineol content of which, however, does not exceed 40 p. c. 
Phellandrene is absent. 

ilia. Phellandrene-free oils consisting principally of cineol and 
pinene, the cineol content of which exceeds 40 p.c. 

l llb. Oils containing more than 40 p.c. cineol, which contain less 
pinene but in which aromadendral occurs. 

l llc. Oils with more than 40 p.c. cineol containing phellandrene. 

IV. Oils with not more than 30 p.c. cineol and devoid of phel¬ 
landrene, which consist principally of cineol, pinene and 
aromadendral. 

V. Oils' which consist of pinene, cineol and phellandrene and 
which contain not more than 30 p.c. cineol. 

Via. Oils which consist principally of phellandrene, cineol (up 
to 30 p.c.) and piperitone. 

VI b. Oils which consist principally of phellandrene and piperitone 
and in which little or no cineol is to be found. 

VII. This group comprises all of those oils which cannot be 
classified with any of the previous groups. 

Group 1. 

Phellandrene-free oils, which consist for the 
main part of pinene with little or no cineol. 

519. Oil of Eucalyptus tessetaris. 

Eucalyptus Jesselaris, F. v. M. {E. Hooker!, F. v. M.) occurs 
on the north coast and its “hinterland” of New South Wales, 
also in Queensland, South Australia and in the northern part of 
Australia. It is known as Moreton bay ash or Carbene. The 
leaves contain 0.162 p.c. of oil*), d,,, 0.8757; d„. 0.8962*); 
[«]t> + 9.82'; n„„. 1.4881*); A.V.0.8; E.V. 5.4; with 10 vol. oi 


‘) Research, p. 22. — Report of Schimmel & Co. April 1898,38. 

*) Smith, )oum. and Proceed. Royal Soc. of M. S. W. SI (I90SI, 46; Report 
of Schimmel St Co. April 1906, 33. In this paper the solubility and the index 
of refraction of a number of eucalyptus oils are described and an attempt 
made to classify the oils in accordance with there properties. 
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80 p.c.') alcohol it forms a turbid solution. The oil possesses a 
distinct odor of cymene and contains pinene'‘), a small.amount of 
cineol, also aromadendrene% Phellandrene could not be detected. 

520. Oil of Eucalyptus trachyphloia. 

Eucalyptus trachyphloia, F. v. M.<) is one of the species 
known as “bloodwood” and is found in certain parts of New 
South Wales and Queensland. The leaves contain about 0.2 p.c. 
of oils the odor of which reminds of that of turpentine oil also 
of that of cinnamon oil. d,„, 0.8929; [«]„ + 10.9°; n,,!,,. 1.4901'’); 
A.V. 1.08; E.V. 2.05; with 10 vol. of 80 p.c. alcohol it does 
not form a clear solution. The principal constituents of the oil 
are pinenc and aromadendrene. In addition aromadendral, also 
traces of cineol, but no phellandrene were found. 


521. Oil of Eucalyptus corymbosa. 

\ 

Eucalyptus corymbosa, Sm. also known as “bloodwood" is 
a tall tree, readily recognized, that grows in the coast regions 
of New South Wales, also in Victoria, Queensland and northern 
Australia*). The leaves yield only 0.06 p.c. of a light yellow 
oil: d,., 0.883; d 0.881 ■); d„, 0.8867'’); [«]„ —9.5°; nn,„. 1.4895'’); 
A. V. 1.8; E. V. 2; not soluble in 10 vol. of 80 p.c. alcohol. It 
consists principally of pinene and contains but little cineol, no 
phellandrene") and some aromadendraE). According to Wittstein 
and Mueller the odor of the oil reminds faintly of lemons and 
roses (?) and has a bitter, somewhat camphoraceous taste’). 
According to Schimmel 8i Co.") it is rich in cineol. 


‘) All solubility statements made by Baker and Smith are based on 
weight percentages. 

*) As to the pinenes of the eucalyptus oils, see Research, p. 238. 

“) See p. 293. 

*) Research, pp. 23,,i2 46. 

*) Smith, ioc. 

") Research, p. 25. — liSpoff’of Schimmel 6 Co. April 1898, 38. 

’) |. H. Maiden, The useful native plants of Australia, London and 
Sydney, 1889, p. 266. 

“) Report o^^chimmel Sf Co. April 1893, 38. 
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522. Oil of Eucalyptus intermedia. 

Eucalyptus intermedia, R. T. Baker, which occurs in spots 
in New South Wales is also known as “bloodwood” or “bastard 
bloodwood”. The oil (yield 0.125 p.c.) is an amber-yellow liquid 
of a faint odor; specific gravity 0.8829 to 0.8881 at 15°; 
[»]„ -hl1.2 to 13.7°; n„.„,. 1.4878'); A.V. 1.1; E. V. 1.4 to 3.8. 
It consists principally of pinene, contains a trace of cineol, 
possibly aromadendral'), but no phellandrene"). 

523. Oil of Eucalyptus eximia. 

Known as “white" or “yellow” bloodwood, Eucalyptus eximia, 
Schauer occurs in the coastal ranges of New South Wales. Its 
leaves yield 0.462 p. c. of volatile oil, which, in the crude 
condition, is orange-brown and has an odor of turpentine; 
d,,. 0.8998; [«]„ +32.01”; n,„„, 1.4889'); A.V. 1.1; E.V. 3.4; with 
10 vol. of 80 p.c. alcohol it yields no clear solution. It consists 
almost exclusively of pinene and aromadendrene. Neither cineol 
nor phellandrene are contained therein"). 

524. Oil of Eucalyptus botryoides. 

Eucalyptus botryoides, Sm. (E. platypoda, Cav.) known as 
“bastard mahogany” or “bangalay”, occurs along the coast from 
Victoria to Queensland. According to Baker and Smith"), the 
oil (yield 0.106 p.c.) does not possess a pleasant odor. It is a 
mobile liquid and reddish-brown in the crude condition. The 
principal constituent is a A-a-pinene. It also contains aroma¬ 
dendrene and‘traces of cineol, but no phellandrene. Pinene 
was identified by means of its nitrosochloride. its constants, 
determined on two samples, are; d^. 0.8778 and 0.8774; n,„„. 
1.4787*); A.V. 7.3 and 4.1; E.V. 14.1 and 11.1; soluble in 7 to 
9 vol. of 80 p.c. alcohol; 87 p.c. of the oil boils between 161 
and 190°; [«],, +27.2 '. 

') Smith, toe. cit. 46. 

*) Baker and Smith, Research, p. 27. 

’) Ibidem, pp. 28, 246. 

*) Ibidem, p. 29. 

*) Smith, loc. cit. 45. 
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525. Oil of Eucalyptus robusta. 

The leaves of Eucalyptus robusta, Sm. (£. rostrata, Cav.), 
known as swamp mahogany, and growing along the coast from 
Victoria to Queensland, yield 0.161 p.c. of oil. The crude 
product is red and has a turpentine-like odor: dj,. 0.8777; 
Ml) +4.56 ; n„,,. 1.4801‘); A. V. 2.7; E. V. 6.4; soluble in 8 vol. 
of 80 p. c. alcohol. The oil consists principally of pinene, also 
of aromadendrene'), with traces of cineo! and phellandrene-). 


526. Oil of Eucalyptus saligna var. pallidivalvis. 

Flooded gum is the common name for Eucalyptus saligna, 
Sm. var. pallidivalvis, Baker et Smith, a tree that occurs in 
various parts of New South Wales. The oil yield is 0.121 to 
0.255 p.c. and ist dark red*): d,^. 0.8860 to 0.8937; [«]„ +37.14 
to 39.59 : A. V. 9.9; E. V. 19; E.V. after acetylation 56.04; soluble 
in 7 to 9 vol. of 80 p. c. alcohol. The principal constituent is 
A-u-pinene (characterized by its nitrosochloride). In addition 
there occur the amyl ester of eudesmic acid, little cineo!, a free 
alcohol and a valeric ester. Phellandrene does not occur*). 

527. Oil of Eucalyptus nova-anglica. 

Eucalyptus nova-anglica, Deane et Maiden occurs widely 
distributed in New South Wales, more particularly in the New 
England district. It is known as “black peppermint” or as “broad- 
suckered peppermint" although it does not contain a single 
constituent the odor of which reminds of peppermint*). Yield 
0.5 p.c.; color dark; odor strongly turpentine-like; d„. 0.907; 
[((]„ +16"; n^,,, 1,4900“); A. V. 3.3; E. V. 1^; does not form a 
clear solution with 10 vol. of 80 p.c. alcohol. In a later contri- 

‘) Smith, tot. cit. 47. 

*) Research, p. 31. 

“) The red color of ITst of the crude eucalyptus oils is caused by 
the iron of the stills which is dissolved by the free acid present in the oil. 

*) Research, pp. 32, 249, 251. 

*) Ibidem, pp. 34, 246. 

") Smith, toe. cit. 46. 
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bution *) the following constants have been recorded: d„. 0.9221 
to 0.9301; «n+0.9 to +5.8”; nj,,,. 1.4892 to n„ 5 „. 1.4932; 
S. V. 5.7 to 6.9. The principal constituent of the oil is pinene-). 
Phellandrene is occasionally found in very small quantities, 
the cineo/ content is low. Aromadendrenc is present in large 
amount*). 

528. Oil of Eucalyptus umbra. 

Bastard white mahogany, Eucalyptus umbra, R. T. Baker, 
one of the so-called stringybarks, so called because of the fibrous 
character of the bark, is a tree found in spots in New South 
Wales. The oil described by Baker and Smith “) was obtained 
with a yield of 0.155 to 0.169 p.c. and constitutes an orange- 
yellow liquid rich in A-pinene with traces of cineo! but no 
phellandrene. 3,5.0.8963; [«J„+41.5”; E.V. 35.8; soluble in 
7 vol. of 80 p.c. alcohol. It contains acetic acid esters and 
some valeric acid, an acid that seems to occur in almost all 
eucalyptus oils. Nothing is known about the alcohol underlying 
the esters. 


529. Oil of Eucalyptus dextropinea. 

To the stringybarks there also belongs Eucalyptus dextro¬ 
pinea, R. T. Baker, which is found in certain localities in New 
South Wales. Baker and Smith*) distilled the oil from the 
fresh leaves with a yield of 0.825 to 0.850 p. c. The dark red, 
strongly dextrogyrate oil has a specific gravity of 0.8743 to 
0.8763 at 17°; n,„. 1.4741''); S. V. 22.9; with 10 vol. of 80 p.c. 
alcohol it does not form a clear solution. For an oil distilled 
later with a yield of 1.02 p.c. the authors*) record the following 

*) |oum. and Proceed. Royal Soc. of ii. S. W. 46 (1911), 285; Report of 
Schimmel § Co. October 1812, 64. 

*) Research, pp. 34, 246. 

'0 Researi*, p. 35.—Baker, Proceed. Unnean Soc. of N. S. W. 1900, 687; 
Report of Schimmel Cj Co. April 1902, 40. See also Maiden, A critical revision 
of the genus Eucalyptus, vol. I. p. 269. 

‘) )oum. and Proceed. Royal Soc. of N. S. W. 32 (1898), 195.—Research, 
pp. 38, 238. 

*) Smith, loc. cit. 45. 

*) Joum. and Proceed. Royal Soc. of M. S. W. 46 (1911), 283; Report of 
Schimmel S Co. October 1918, 64. 
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properties: d,j. 0.8831; «„+24.2"; n„ 2 |. 1.4688; S.V. 22.1; soluble 
in 10 vol. of 80 p.c. alcohol. After rectification by steam 
distillation the almo.st colorless oil had the following pro¬ 
perties: d„,, 0.8698; «„+24.4"; Onj,. 1.4647. When fractioned 
62 p.c. came over between 156 and 162", 25 p.c. between 162 
and 172"'). 

The oil consists almost exclusively of d-ct-pinene. After 
rcfractionation, the principal fraction boiled between 156 and 
157'; ,d-|5^0.8629; [((]„ + 41.2° at 18 . «-Pinene was identified 
by the preparation of its nitrosochloride (m. p. 103°), of nitroso- 
pinene (m. p. 128 to 129°), also of terpin hydrate and of pinene 
monohydrochloride (m. p. 121 to 124 ). 

In addition to ((-pinene this oil contains small amounts of 
cineol, which was identified in the higher boiling portions by 
its behavior toward iodol and bromine, also 3.7 p.c. of gerany! 
acetate^). 


530. Oil of Eucalyptus Wilkinsoniana. 

Small-leaved stringybark, Eucalyptus Wilkinsoniana, R. T. 
Baker (E. hasniastoma, F. v. M., E. iwvopinea, var. minor, R. T. 
Baker) grows in isolated places in New South Wales. Baker 
and Smith") obtained 0.975 p.c. of oil: dj„.0.8944; [((],, —23.9°; 
n,„„. 1.4774*); A. V. 2.67; E. V. 2.33; it does not yield a clear 
solution with 10 vol. of 80 p.c. alcohol. \-Pinene is the principal 
constituent. Only traces of cineol are present. The presence 
of phellandrene cannot always be proven. Its occurrence seems 
to be dependent on the season. 

Not less than 80 p.c. of the oil distils over below 170". 

531. Oil of Eucalyptus laevopinea. 

Prom the fresh leaves of silvertop stringybark. Eucalyptus 
liBvopinea, R. T. Baker, which occurs only in a few places in 


') (ourn. and Proceed. Royal Soc. of N. S. W. :{2 (1898), 195. — Research, 
p. 38, 238. 

*) Smith, toe. cit. 4.5. 

’) Research, p. 39. — R. T. Baker, Proceed. Linnean Soc. of N. S. W. 
moo, 678; Report of Schimmel S Co. April 1902, 40. 
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New South Wales, Baker and Smith') obtained 0.66 p.c. of a 
red oil with the following properties; d,..,.0.8755; n,,,,. 1.4769®): 
S. V. 7.0; does not yield a clear solution with 10 vol. of 80 p.c. 
alcohol. For another oil distilled later the authors") report the 
following properties: d,,,0.8875 and 0.8871; <(„ —30.7 to ~ 33.3'; 
n„j,. 1.4691 to 1.4697. Upon fractionation 60 p.c. came over 
between 157 and 164' and 28 p.c. between 164 and 172”'). 
Whereas the oil of Eucalyptus dextropinea consists almost 
exclusively of (/-«-pinene that of E. Evvopinea consists almost 
exclusively of \-u-pinene*). Fraction 157 to 158which may be 
regarded as almost pure pinenc, had dl,“; 0.8626; [«]„ —48.63 . 
It was identified by means of the same derivatives prepared in 
connection with the oil of Eucalyptus dextropinea. In addition 
to /-pinene the oil contains about 5 p. c. cineol^). 


532. Oil of Eucalyptus calophylla. 

According to Baker and Smith") Eucalyptus calophylla, 
R. Br., red gum, is indigenous to western Australia and in its 
general appearance closely resembles the bloodwood of eastern 
Australia. The oil was obtained with a yield of 0.248 p.c., was 
dark red in the crude condition and had the following properties: 
d,„.0.8756: ((,, + 22.9”; n|,j„. 1.4788; E.V. 10.51; does not form 
a clear solution with 10 vol. of 80 p.c. alcohol. A-Pinene is the 
dominant constituent, judging from the constants and the odor, 
cymene is present, also aromadendrene, traces of cineol and 
small amounts, of acetic esters. Phellandrene, aromadendral 
and piperitone are wanting. 


') )ourn. and Proceed. Royal Soc. of M. S. W. 82 (1898), 202; Report of 
Schimmel 6 Co. April 1H»t), 24. — Research, p. 41, 242. 

•) Smith, loc. at. 45. 

’) (ourn. and Proceed. Royal Soc. of N. S. W. 4-'> (1911), 278; Report of 
Schimmel 6 Co. October 1912, 63. 

') According to Smith practically all of the oils obtained from species 
related to Eucalyptus Globulus contain pinene, such as the oils of E, Brid- 
geslana, E. goniocalyx, etc. 

'■) Pharmaceutical )oum. V> (1905), 356. 
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533. Oil of Eucalyptus carnea. 

Eucalyptus carnea (E. umbra, R. T. Baker part.) a species 
described by R, T. Baker') is restricted, in its occurrence, to 
New South Wales. It yielded 0.155 p.c. of volatile oil, the 
principal constituent of which is di-u-pinene. Of cineo! it 
contains only about 5 p.c., whereas the presence of phellandrene 
could not be detected. Nothing is recorded as to the properties 
of the oil. 

534. Oil of Eucalyptus diversicolor. 

Eucalyptus diversicolor, F. v. M. (E. colossea, F. v. M.) '■') is 
indigenous to western Australia, where it is known as karri, 
and occasionally attains the respectable height of 400 ft. This 
species has also been planted in Ceylon and Algeria’). Baker 
and Smith’) obtained 0.825 p.c. of a light lemon-yellow oil having 
the following properties: d,„,0.9145; «„-|-30.r; ni,„J,4747; 
E. V. 53.2; not soluble in 10 vol. of 70 p.c. alcohol, but soluble 
in an equal volume of 80 p.c. alcohol. It consists principally 
of d-pinene, about 20 p.c. of an acetate, and traces of cineo!. 
Phellandrene was not found. 

W. P. Wilkinson’) who had previously examined the oil, 
reports d.^.0.924; [«]]> +9.7 '. 

535. Oil of Eucalyptus acaciaeformis. 

Eucalyptus acaciaelormis, Deane et Maiden is known as "red” 
or “narrow-leaved peppermint”. It occurs throughout New South 
Wales (New England). Baker and Smith’) obtained 0.197 p.c. of 
an oil with a turpentiny odor which, in the crude condition, was 
brown; d„.0.8864; Uj,4-35.7°; npj„.1.4713; insoluble in 10 vol. 
of 80p.c. alcohol. Its principal constituent is d-pinene. In addition 
it contains aromadendrene, presumably also geranyl acetate. 


') Proceed. Linnean Soc. of N. S. W. 190(i, 303: Report of Schimmel S Co. 
April 1907, 52. 

’I See also Maiden, A critical revision of the genus Eucalyptus, vol. II. p. 298. 
*) Proceed. Royal Soc. of Victoria 1893,198. 

*) Pharmaceutical )oum. 75 (1905), 356. 

’) )oum. and Proceed. Royal Soc. of M. S.W. 45 (1911), 271; Report of 
Schimmel £| Co. October 19||^ 63. 
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Group 11. 

Oils which consist principally of pinene and cineol, 
the cineol content of which, however, does not 
exceed 40 p. c. Phellandrene is absent. 

536. Oil of Eucalyptus occidentalis. 

The oil of Eucalyptus occidentalis, Endl., received early 
mention from Wilkinson. Later it was described in greater 
detail by Baker and Smith ‘). The leaves of this West Australian 
species, known as mallet gum, yield 0.954 p.c. of an oil which 
is reddish in the crude condition, is free from phellandrene, 
contains 36 p.c. cineol, relatively much sesquiterpene, also 
d-pinene and small amounts of aromadendral. d]„.0.9135; 
«„t-9.0"; n^„„. 1.4774; E. V. 2.48; not soluble in 10 vol. of 
70 p. c. alcohol, but forms a clear solution with an equal 
volume of 80 p.c. alcohol. Wilkinson records: d0.9236; 
K,+ 2.7. 


537. Oil of Eucalyptus redunca. 

The white gum or "wandoo” of western Australia, Eucalyptus 
redunca, Schauer, has been examined by Baker and Smith*). 
The yield of oil is 1.205 p. c. The color of the crude oil is red, 
the rectified oil is colorless. The odor of pinene predominates, 
but that of cineol is also noticeable, d,,.0.9097; (ipH-I3.5’; 
n„j,., 1.4720"); •£. V. 2.4; soluble in 6 vol. of 70 p.c. alcohol. It 
contains d-pinene also about 40 p.c. of cineol and traces of 
ester. The higher boiling fraction (about 3 p.c.) consists of 
aromadendrene. The test for phellandrene gave negative results. 

The oil distilled from the suckers") had the same properties 
as did that of the older branches. 


') Pharmaceutical )ourn. 76 (1905), 358. 

■') Ibidem 357. 

’) Smith, toe. cit. 45. 

*) As is well known, the young shoots of the eucalypts frequently have 
differently shaped leaves than the older branches. 
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538. Oil of Eucalyptus Basuerleni. 

Eucalyptus Baeuerleni, F. v. M., brown gum, inhabits the 
difficultly accessible parts of Sugar Loaf Mountain in New 
South Wales. Baker and Smith’) report the following data 
concerning the oil: yield 0.328 p.c.; color light yellow; d, 5 .0.8895; 
f«]i,-1-4.55“; n|„„ 1.484r’); S.V.9.98; soluble in 4 vol. of 80p.c. 
alcohol. It contains pinene, cineol. eudosmol and aromadendrenc, 
but no pheliandrene. 

539. Oil of Eucalyptus propinqua. 

In Queensland Eucalyptus propinqua, Deane ct Maiden is 
known as grey gum. From its leaves Baker and Smith") pbtained 
0.235 p.c. of an oil which, in the crude condition, was red 
and possessed the following properties; di.,.0.8989; [<(]i,-h 4.9"; 
n„j„JM788’); A. V. 1.2; E. V. 7.2; soluble in 8 vol. of 70 p.c. 
alcohol. In addition to cineol, the presence of pinene and aro- 
madendral was ascertained. Pheliandrene was not present. 

540. Oil of Eucalyptus affinis. 

Eucalyptus aftinis, Deane et Maiden grows in the western 
districts of New South Wales. According to Baker and Smith") 
the leaves contain 0.259 p.c. of oil which, in the crude condition, 
isorange-brown. d„.0.9259; («]„-t-6.05"; n„„. 1.4921’); A.V. 1.9; 
E. V. 2.79; soluble in an equal volume of 80 p.c. alcohol. It 
consists principally of aromadendrenc, also contains cineol and 
pinene, but no pheliandrene. 

541. Oil of Eucalyptus paludosa. 

One of the widely distributed species of Eucalyptus is 
E. paludosa, R. T. Baker which occurs in many parts of New 
South ^ales, also in Victoria and Tasmania. Its common names 

') Research, p. 43. 

“) Smith, loc. cit. 46. 

•) Research, p. 45. 

*) Smith, toe. cit. 45. 

") Research, p. 46, 246. For the botanicai description see also: Maidem 
A critical revision of the genus Eucalyptus, vol. II. p. 101. 
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are yellow gum, swamp or flooded gum and in Tasmania red 
gum. Baker and Smith'), who obtained 0.243 p.c. of oil, record 
the following constants: d,,, 0.9056 and 0.9023; [<(]„ + 11.0' and 
f 15.7'; n,„„. 1.4773'^); A.V. 3.2 and 1.1; E.V. 15.2 and 16.8; 
soluble in an equal volume of 80 p.c. alcohol. In addition to 
pinene and cineol they found a sesquiterpene and a valerate. 
Phellandrene could not be detected. The crude oil was red and 
had an odor of turpentine. 

In this connection mention may be made of an oil of unknown 
botanical origin which was designated red gum, more particularly 
red gum of Tenterfield"). It came from Portugal: d|5,0.9144; 
i(i, — 2“38'; insoluble in 70 p.c. alcohol, soluble in 1 vol. of 80 p.c. 
alcohol.. It had an odor of cuminic aldehyde and contained 
cineol, but was free from phellandrene. 

542. Oil of Eucalyptus lactea. 

Spotted gum. Eucalyptus lactea, R. T. Baker is restricted to 
certain parts of New South Wales. Baker and Smith*) record 
the following constants for the oil: dj^,0.8826 and 0.8752 for the 
crude oil and 0.8788 for the rectified oil; [t']i>~ '-32° and ■ 0.6 ' 
(the crude oil is inactive); n,„„. 1.4898"); A. V. 2.08; E. V. 6.48; 
soluble in 2 to 5 vol. of 80 p.c. alcohol. The yield amounted 
to 0.541 and 0.573 p.c. respectively. The crude oil had a red 
color. Pinene and small amounts of cineol were found present, 
but not phellandrene. 

543. Oil of Eucalyptus rubida. 

Candle bark is the common name for Eucalyptus rubida, 
Deane et Maiden which grows in southern New South Wales. 
The leaves contain but very little oil, Baker and Smith *) obtaining 
only a 0.0084 p.c. yield; d,„,0.9067; [«]„-i-3.6'’; n,,,^. 1.5011’); 

') Research, p. 48. 

“) Smith, toe. cit. 45. 

") Report of Schimmel 6 Co. October 1900, 32. 

*) Research, p. 50. See also Baker, Proceed. Linnean Soc. of N. S. W. 
1900, 691; Report of Schimmel S Co. April 1902, 39. 

") Smith, toe. cit 46. 

•) Research, p. 51. 

5 H. G. Smith, toe. cit 46. 
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S. V. 3.16; does not yield a clear solution with 10 vol. of 80 p.c. 
alcohol. Pinene, a small amount of cineo! and sesquiterpenes 
were found present, but not phellandrene. 

544. Oil of Eucalyptus intertexta. 

Eucalyptus intertexta, R. T. Baker, known as spotted gum, 
gum, “coolabah”, has been found in various places in New South 
Wales. Baker and Smith‘) obtained 0.2 to 0.64 p.c. of oil with 
the following constants: d,;,. 0.9076; [o]„+11.3° and 10.7’; 
n,,,,. 1.4748-); soluble in 1.5 to 2.5 vol. of 70 p.c. alcohol. The 
crude oil had an orange-yellow color. It contains about 35 p.c. 
of cineoi, a relatively large amount of A-pinene, also aroma- 
dendrene. The presence of phellandrene could not be detected. 

545. Oil of Eucalyptus maculata. 

Eucalyptus maculata, Hooker is one of the spotted gums 
that occur in New South Wales and Queensland, it has also 
been cultivated in Ceylon and Algiers'). Baker and Smith*) 
report the following data concerning the oil: yield about 0.228p.c.; 
d„.0.9201 and 0.8959; [«]„ t 8.37and 5.7 ; n,„„. 1.4861“); A.V.4.1; 
E. V. 5.46 and 6.47; insoluble in 10 vol. of 70 p.c. alcohol, soluble 
in 1 to 4 vol. of 80 p.c. alcohol. The crude oil contains about 
20 p.c. cineoi, a relatively large amount of pinene and aro- 
madendrene. 

Many years ago Schimmel § Co.“) reported on a socalled 
oil of Eucalyptus maculata which had a citronella-like odor. 
According to Baker and Smith this was, no doubt, derived from 
Eucalyptus citriodora. 

546. Oil of Eucalyptus microcorys. 

The tallow-wood. Eucalyptus microcorys, F. v. M., is distri¬ 
buted along the coast of New South Wales and Queensland. 


Research, p. 52. — Baker, Proceed. Llnnean Soc. of M.,S. W. 1900, 308; 
Report of Schimmel 6 Co. October 1901, 28. 

•) Smith, toe. cit. 45. 

•) Bericht von Schimmel 6 Co. April 1888, 19. 

Research, p. 54, 240. 

") H. G. Smith, toe. cit. 46. 
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Rg. t9. Eucalyptus tree near Sydney. 
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Baker and Smith') obtained 0.51 p.c., Maiden 1.96 p.c. of an 
almost colorless oil from the leaves; d, 5 . 0 . 895 ; [«]„ + 20 . 45 °; 
n|„„. 1.4747‘'*); S. V. 19.6; not soluble in 10 vol. of 70 p.c. alcohol, 
soluble in 1 vol. of 80 p.c. alcohol. In addition to much d-u-pinene 
(characterized by the customary reactions), the presence of cineol, 
aromadendrene and of esters, but not that of phellandrene, was 
ascertained. Upon standing the cineol content of the oil is said 
to have increased. 

In connection with a commercial product Schimmel 8 ; Co. 
determined the following constants: d,„.0.9038; «„ + 12°29', 
insoluble in 10 vol. of 70 p.c. alcohol, soluble in 1 to 1.5 vol. 
and more of 80 p. c. alcohol. A decided reaction for cineol was 
obtained, but none for phellandrene"). 

547, Oil of Eucalyptus heniilampra. 

Eucalyptus hemilampra, F. v. M. (E. resinifera, Sm. var. 
grandiflora, Benth.), a species that occurs in Mew South Wales, 
yields 0.375 p.c. of crude oil, for which Baker and Smith*) 
determined the following constants: d.^. 0.9282; [«]„ + 7.64°; 
nI,j,,. 1.4735'); S. V. 24.37; soluble in 1.5 vol. of 70 p.c. alcohol. 
This oil contains much cineol, also pinene, aromadendrene and 
aldehydes, but no phellandrene. 

548. Oil of Eucalyptus quadrangulata. 

The occurrence of grey box, Eucalyptus quadrangulata, 
Deane et Maiden, is restricted to several localities in the neigh¬ 
borhood of Sydney. Baker and Smith") obtained 0.684 p.c. of 
crude oil of an orange-red color which consisted ‘almost entirely 
of d-pinene and cineol and which was free of phellandrene. 
d„.0.9064; [4, + 11 , 8 ’; nn,„J.4692'0; A.V.1.0; E.V.3.89; soluble 
in 2 vol. of 70 p.c. alcohol. 

‘) Research, p. 56. — Bericht von Schimmel S Co. April 1888, 19; Report 
of Schimmel 8 t Co. April 1904, 96. — Maiden, A critical revision of the genus 
Eucalyptus, vol. 1 , p. 261. 

*) Smith, toe. cit. 45. 

“) Report of Schimmel 81 Co. April 1904, 96. 

*) Research, p. 57. 

■') Ibidem, p. 58. 
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549. Oil of Eucalyptus conica. 

Another box is the Eucalyptus conica, Deane et Maiden, 
which occurs west of the Dividing Range. Baker and Smith*) 
report the following data concerning its oil: — yield 0.587 p.c.; 
d„ 0.9057; [«]„ t-5.79": nj„„„ 1.4733-); A.V.2; E.V.4.26; soluble 
in 6 vol. of 70 p.c. alcohol. The oil contains pinenc and cineol 
and probably a little aromadrendral, but no phellandrene. The 
rectified oil contain 40 p.c. cineol. 

550. Oil of Eucalyptus Bosistoana. 

Eucalyptus Bosistoana, Y. v. M., known as ribbon or bastard 
box. is distributed over New South Wales and Victoria. Baker 
and Smith**) obtained 0.968 p.c. of an orange-red crude oil; 
d,„„ 0.9078; [«)„ 10.2^'; n,„„,, 1.4732*); A.V. 2.6; E.V. 0.6; .soluble 

in 5 vol. of 70 p.c. alcohol. The oil consists principally of cineol, 
pinene and aromadendrene and is free of phellandrene. 

551. Oil of Eucalyptus eugenioides. 

A white stringybark, Eucalyptus eugenioides, Sieb., occurs 
widely distributed over Victoria, New South Wales and Queens¬ 
land. According to Baker and Smith*) the oil, yield 0.689 and 
0.795 p.c. respectively, is almost colorless; d,,.0.9132 and 0.9122; 
[«]„-I- 3.74 and 5.246°; n,„„. 1.4747*); S.V. 6.89; the one oil 
soluble in 1.5 vol. of 70 p.c. alcohol, the other in an equal volume 
of 80 p.c. alcohol. In addition to 28 to 31 p.c. cineol, the oil con¬ 
tains pinene, but no phellandrene. Baker and Smith have observed 
that the cineol' content of this oil, like that of other eucalyptus 
oils, increases upon standing, a phenomenon which they attribute 
to oxidation. The oil which originally contained 28 p.c. of cineol, 
after storage for 3*/i years, contained 62 p.c. The oil that had 

*) Research, p. 60. 

*) Smith, toe. cit. 45. 

**) Research, p. 61. — Maiden, A critical revision of the genus Eucaiyptus, 
vol. II. p. 1. 

*) )oum. and Proceed. Royal Soc. of N. S. W. 83 (1898), 106; Report of 
Schimmel a Co. April 1899,24. — Research, p.62. See also Maiden, A critical 
revision of the genus Eucalyptus, vol. I. p. 232. 
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been stored in a dark place had a density of 0.9171 at 15^ that 
exposed to light a density of 0.9202 at 15°. 

552. Oil of Eucalyptus panicuiata. 

White ironbark, Eucalyptus panicuiata, Sm., occurs in South 
Australia, Victoria, Mew South Wales, and Queensland. According 
to Baker and Smith') the olive-brown oil, yield 0.104 p.c., has 
the following properties: d„. 0.901; [«]„-f-8.65°; n,„,, 1.4801*); 
A.V. 0.78; E. V. 6.33; S. V. after acetylation 56.14; soluble in an 
equal volume of 80 p.c. alcohol. In addition to much pinene, 
the oil contains little cineol, ammadendrene, aromadendral, 
also an alcohol not yet characterized. 

553. Oil of Eucalyptus Seeana. 

To this group there possibly also belongs the oil of Eucalyptus 
Seeana, Maiden, for which Smith “) records the following properties: 
d,„. 0.9146; n,,,,,. 1,4706; soluble in 1.4 vol. of 70 p.c. alcohol. 

554. Oil of Eucalyptus acervula. 

Eucalyptus acervula. Hook. f. occurs in Tasmania, where 
it is known as red gum of Tasmania. Baker and Smith ■') distilled 
the oil with a yield of 0.212 p.c. and recorded the following 
properties for the crude oil: dj^., 0.8956 and 0.898; »„ -• i.l ; 
n„j„. 1.4756; n|,„o. 1.4715; S. V. 32.8 and 34.3; S. V. after acety¬ 
lation 105.3; soluble in an equal volume of 80 p.c. alcohol, upon 
addition of more alcohol the solution became turbid with the 
separation of paraffin. The oil contains as principal constituents 
d-a-/r/>7e/7e (nitrosochloride), also 21 p.c. o! cineol, \\ti\e phellan- 
drene, gerany! acetate, free geraniol, a small amount of an alcohol 
not yet identified, also a solid (m. p. 55 to 56°) and a liquidparafUn. 

') Research, p. 64. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. 11. p. 104. 

’) Smith, toe. cit. 46. 

’) Loc. cit 45. 

'*) A research on the eucalypts of Tasmania, Hobart 1912, p. 10; Report 
of Schimmel & Co. October 1918,54. 
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Group Ilia. 

Phellandrene-free oils consisting principally of cineol 
and pinene, the cineol content of which exceeds 40 p.c. 

555. Oil of Eucalyptus resinifera. 

Known as red or forest mahogany, Eucalyptus resinifera, Sm. 
occurs in the coast districts of New South Wales and Queens¬ 
land. According to |. H. Gladstone*) the oil consists principally of 
a hydrocarbon that has the odor of turpentine oil. An oil distilled 
by Baker and Smith-) with a yield of 0.414 p.c. had the 
following properties: d,,. 0.9098; [«]„4-2.47'; n,,,,,. 1.4755**); 
S. V. 9.2; soluble in l**/4 vol. of 70 p.c. alcohol. The oil 
contains much cineol but no phellandrcne. For an oil obtained 
from southern Australia, Schimmel 8( Co.') report the following 
constants: dj^.0.9123; + and for an oil obtained from 

the Technological Museum in Sydney: dj,i.0.9l80; «„-f-2'’5'; 
with 10 vol. of 70 p.c. alcohol it did not yield a clear solution. 
It contained much cineoi and no phellandrene. 

A Portuguese oil, presumably from Eucalyptus resinifera, 
had a specific gravity of 0.893 and a„—It was not 
soluble in either 70 or 80 p. c. alcohol and contained cineoi 
(iodol reaction) also phellandrene''). 

556. Oil of Eucalyptus polyanthema. 

Eucalyptus polyanthema, Schau., or red box, is a native 
of New South Wales and Victoria. From the leaves Baker and 
Smith") obtained 0.825 p.c. of an amber-yellow oil for which 
they determinecl the following constants: d„.0.9281: [«]|,+ 5.8 ; 
n„„, 1.4736’); S. V. 20.7; soluble in Vjx to 2 vol. of 70 p.c. 
alcohol. Cineoi is the dominant constituent. Pinene is also 
present, but not phellandrene. 

*) Journ. chem. Soc. 1! (1864), 1; lahresber, d. Chem. tHH8,548. 

") Research, p. 67. 

”) Smith, toe. at. 45. 

*) Report of Schimmel & Co. April 1804, 96. 

’) ibidem October 189S, 26. 

“) Research, p. 68. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. If. p. 109. As species name Maiden uses polyanthemos. 

S Smith, loc. cit. 44. 
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557. Oil of Eucalyptus Behriana. 

One of the species occurring in the Mallee district^) of 
New South Wales, South Australia and Victoria is the Euca¬ 
lyptus Behriana, F. v. M. According to Baker and Smith -) 
the yield of oil amounts to 0.614 p.c.; d,5.0.9237; [«]i)+4°; 

1.4765“); A. V. 2.3; E. V. 8.8; yields a clear solution with 
P'j vol. of 70 p.c. alcohol. The crude oil contains large 
amounts of cineol, some pinene, but no phellandrene. 

558. Oil of Eucalyptus Rossii. 

White gum, Eucalyptus Rossii, Baker and Smith (E. tni- 
crantha, D. C.) occurs on the plateaus and in the coast regions 
of eastern Australia. Baker and Smithobtained 0.719 p.c. 
of volatile oil, which was of a dark amber-yellow color and 
possessed an odor of peppermint: d,,,.0.9215 and 0.9168; 
[«]„ 1-7.8 and +7.9'; n,,.,, 1.4741'■); A. V. 2.9; E.V. 5.05; 
soluble in l'/< to 1.5 vol. of 70 p.c. alcohol. It was fairly rich 
in cineol and also contained pinene and a high boiling strongly 
dextrogyrate constituent. 

559. Oif of Eucalyptus pendula. 

Eucalyptus pendula, A. Cunn. (f. largillorens, F. v. M.) is 
distributed over a large part of New South Wales and also 
occurs in South Australia, Queensland and northern Australia, 
where it is known as red box, also as goborro. Baker and 
Smith obtained 0.843 p.c. of volatile oil: dj5,0.9155; [o]p + 6°; 
n,H,J.4732'’); A.V. 1.8; E. V. 6.6; soluble in 1,5 to 2 vol. of 
70 p.c. alcohol. The c/neoZ-content amounted to 49 p.c. Of 
hydrocarbons, pinene and aromadendrene were found, phel¬ 
landrene was absent. 


•) The term Mallees is used not only to designate the shrubby eucalypts, 
but also the semi-arid regions covered by diverse low shrubs. 

*) Research, p. 6d. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. I. p. 335. 

”) Smith, toe. cit. 45. 

•) Research, p. 70. 

■') Ibidem, p. 71. 

“) Smith, /oc. cit. 44. 
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560. Oil of Eucalyptus dealbata. 

Eucalyptus dealbata, A. Cunn., commonly known as cabbage, 
white gum, or mountain gum, occurs in numerous places of 
New South Wales and Queensland and yields 0.857 p.c. of oil. 
According to Baker and Smith *), it is one of the best cineol oils. 
The olive-oil-colored distillate had a density of 0.9261 (15°); 
[«]„-+-4.r: n,„„. 1.47050: A.V. 1.1; E.V. 0.95; soluble in Vj, vol. 
of 70 p.c. alcohol. Cineol was the predominant constituent. 
In addition it contains pinene and aromadendrene, but no 
phellandrene. 

The oil with balm-like odor described on p. 537 of the first 
edition of this text-book as having been derived from Eucalyptus 
dealbata, no doubt, was obtained from a different species. It 
is very different in composition from the distillate described by 
Baker and Smith. 

561. Oil of Eucalyptus tereticornis var. linearis. 

From the leaves of Eucalyptus tereticornis, Sm., var. line¬ 
aris Baker ct Smith, which occurs in the northernmost districts 
of New South Wales, Baker and Smith") obtained 0.783 p.c. 
of oil; d,5.0.91; [«]„-f-6.15°; A.V. 2.01; E.V. 3.48; soluble in 
1‘/4 vol. of 70 p.c. alcohol. In addition to cineol, the principal 
constituent, the oil contains pinene and a very small amount 
of sesquiterpene. 

562. Oil of Eucalyptus rostrata var. borealis. 

According to Baker and Smith"), the leaves of Eucalyptus 
rostrata, Schl., var. borealis Baker et Smith, which grows along 
the Murray river and is known as river red gum, yield 0.795 to 
1.191 p.c. of oil; d,5.0.9109 and 0.9065; [«]„ -|-5.99°; n,„„. 1.4747"); 
S. V. 4.8 and 8; soluble in 1" < vol. of 70 p.c. alcohol. The 
principal constituent is cineol; it also contains pinene. 

’) Research, p. 73. 

*) Smith, toe. cit. 44. 

”) Research, p. 74, 

*) Ibidem, p. 75. 

") Smith, toe. cit. 45. 
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563. Oil of Eucalyptus maculosa. 

Eucalyptus maculosa, R. T. Baker, spotted gum, or brittle 
gum, grows in a few districts of New South Wales. From the 
leaves Baker and Smith*) obtained 1.061 p.c. of oil: dj5.0.9158 
and 0.9229; [n]„+'3.66 and +2.49“; n„„. 1.4741*); S.V. 21.3; 
soluble in 1'/4 vol. of 70 p.c. alcohol. The oil contains as much 
as 50 p. c. of cineol, also d-pinene, a small amount of aro- 
madendrene and probably a high boiling ester or alcohol. 

564. Oil of Eucalyptus camphora. 

The sallow or swamp gum. Eucalyptus ca/n/7/?ora, R.T. Baker, 
grows in moist places of New South Wales, also in Victoria. 
The oil was described by Baker*), later by Baker and Smith*). 
Yield and composition vary with the season. In February the 
leaves yielded 1.34 p.c. of an amber-yellow oil (3,^,0.9071; 
f«]„ + 1.4' ; n,.,„. 1.4733'); A.V. 2.9; E.V. 1.5; soluble in !*/•.> vol. 
.of 70 p.c. alcohol) which contained about 50 p.c. of cineol, also 
pinene and eudesmol. An oil distilled in September with a yield 
of 0.398 p.c. (d,5,0.9167) contained much less cineol, but about 
18 p.c. eudesmol, which distilled between 276 and 290“ and 
solidified in the receiver. Both distillates were free from 
phellandrene. 

565. Oil of Eucalyptus punctata. 

Eucalyptus punctata, D. C."), known in Australia as grey 
gum, yields a very hard wood as well as kino. It is found 
along the entire coast from Queensland to the border of Victoria. 

In the production of the oil Baker and Smith’) used leaves 
and young branches. Nine different distillations of material 

') Research, p. 76. — Baker, Proceed. Linnean Soc. of N. S. W. INK#, 598; 
Report of Schimmel £i Co. October 190U, 33. 

*) Smith, toe. c/t. 44. 

'*) Proceed. Linnean Soc. of N. S. W. 1NH9,292; Report of Schimmel & Co. 
April 1»00, 27. 

•) Research, p. 78, 212. 

‘) Smith, toe. cit. 45. 

“) Maiden doc. cit. 506) mentions as synonymous for this species: Euca¬ 
lyptus tereticornis, van brachycorys, Benth.; Baker and Smith do not do so. 

’I )oum. and Proceed. Royal Soc. of N. S. W. #1 (1897), 259; Report of 
Schimmel 6 Co. October 189S, 27. — Research, p. 80. 
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from various districts were made. The yield varied between 
0.63 and 1.19 p.c. The specific gravity fluctuated between 
0.9129 and 0.9297 at 15". Two oils were laevogyrate ([«]„ —0.92 
and —2.52“), the remaining seven dextrogyrate ([«]„ +0.54 to 
+■ 4.44°). An average sample of all distillates had the following 
properties: d,n.0.927'); n,,,,,. 1.4774*); the cineol content, deter¬ 
mined according to the phosphoric acid method, amounted to 
between 46.4 and 64.5 p. c. Phellandrene was not present in the 
oil, but aromadendra! presumably was'). 

In connection with a commercial product Schimmel i5i Co. 
observed the following properties: d„,„0.9060; -|- 4° 10'; soluble 

in 1 to 1.5 vol. and more of 80 p.c. alcohol, insoluble in 10 vol. 
of 70 p. c. alcohol. The oil gave a strong test for cineol but 
none for phellandrene, and contained small amounts of cuminic 
aldehyde'^). 

566. Oil of Eucalyptus squamosa. 

The oil of Eucalyptus squamosa Deane et Maiden, ironwood, 
a tree growing in Cumberland County, Mew South Wales, according 
to Baker and Smith'), is a faintly colored product of which 
0.644 p.c. is obtained from the leaves: d)„.0.9182; [«]j,+0°; 
n,„„ 1.4692"); A.V. 0.81; S.V. 4.65; soluble in \'l, vol. of 70 p.c. 
alcohol. The oil contains 60 p. c. cineol, also small amounts of 
pinene and aromadendra!, and occasionally phellandrene. 

567. Oil of Eucalyptus Bridgesiana. 

Eucalyptus Bridgesiana, R. T. Baker grows in New South 
Wales and Victoria where it is known as apple, woolly-butt, 
or butt-butt of Qippsland. The oil contains a high percentage of 
cineol, but its yield is small, hence this species is not used for 
the production of oil. Baker and Smith») obtained yields varying 

') lourn. and Proceed. Royal Soc. of ti. S.W. 31 (1897), 259; Report of 
Schimmel 8; Co. October 189H, 27. -- Research, p. 80. 

*) Smith, loc. cit. 45. 

•) Report of Schimmel 8i Co. April 1904, 96. 

*) Research, p. 48. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. II. p. 221. 

") SmiUi, toe. cit. 44. 

") Research p. 86. — )otim. and Proceed. Royal Soc. of N. S. W. 4,"» 
(1911), 276; Report of Schimmel S Co. October IRIS, 63. 
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from 0.571 to 0.75 p.c. from the leaves: 0.912 to 0.9246; 

«„ + 1.8 to [a]„ + 3.67"; 1.4716 to 1.4729; A.V. 2.3; E.V. 3.9; 

soluble in 1 */s vol. of 70 p. c. alcohol. The crude oil is rich in 
cineol containing as much as 73 to 78 p. c. (determined according 
to the phosphoric acid method). Other constituents are a-pinene 
(characterized by the usual reactions) and aromadendrene. 
Phellandrene was not found. 

568. on of Eucalyptus goniocalyx. 

The oil of Eucalyptus goniocalyx F. v. M.'), one of the 
species known as mountain gum, was mentioned by Wilkinson-) 
and Maiden “) many years ago. Baker and Smith*) describe the oil 
(yield 0.959p.c.) as a liquid of light lemon-yellow color; d,j.0.9117 
and 0.9125; 4.77 and 7.89'; n,„„. 1.4746“); A.V.3.8; E.V9.5; 

soluble in 1 '/< to 1 Vs vol. of 70 p. c. alcohol. The oil contained 
about 55 p.c. cineol, also a-pinene (characterized by the custom¬ 
ary reactions), eudesmol, valeric and acetic ac/rf esters, but no 
phellandrene. Upon standing a white pulverulent substance 
separates from the oil (comp. Eucalyptus gracilis, p. 261). 

For an oil obtained from the Technological Museum of 
Sydney Schimmel 8( Co.®) found: d^, 0.9163; «„ + 5'’2'; insoluble 
in 10 vol. of 70 p.c. alcohol, soluble in 1.2 vol. and more of 
80 p.c. alcohol. It yielded a moderately strong reaction for 
phellandrene. 

According to Maiden®) this oil has the following properties: 
d0.918 to 0.920; [t<]„-4.3°®); b.p. 152 to 175". 

569. OH of Eucalyptus bicolor. 

According to Baker and Smith") the leaves of Eucalyptus 
bicolor, A. Cunn., bastard box, which is native to New South 

*) S«e Maiden, A critical revision of the genus Eucalyptus, vol. II. p. 267. 

Proceed. Royal Soc. of Victoria 1898, 198. 

•) Useful native plants of Australia. London and Sydney 1889, p. 268, 

*) Research, p. 88. 

®) Smith, 16c. cit. 45. 

*) Observations from the laboratory of Schimmel 8i Co. 

Research, p. 90. Sea also Maiden, A critical revision of the.genus 
Eucalyptus, vol. II. p. 6. 
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Wales, yield 0.520 p.c. of oil, which in the crude condition is 
amber-colored: d„.0,9259; [«]„-!-1.2°; n,„„, 1.4734'); A.V. 1.06; 
E.V. 2.54; soluble in I'/j vol. of 70 p.c. alcohol. It consists 
principally of cineo! and a sesquiterpene. 

An oil described many years ago by Schimmel 8i Co.*) 
(d 0.8866; «„ — 21° 50') was most likely not derived from this 
species. It contained much phellandrene and little cineol. 

570. Oil of Eucalyptus viminalis var. a. 

Eucalyptus viminalis var. a, which occurs in the Crookwell 
district of New South Wales, yields 0.7 p. c. of an amber-colored 
oil with an odor reminding of benzaldehyde"); d,,. 0.9122; 
[a]„ + 7.34°; n^i.. 1.4711*); A.V. 0.6; E.V. 4.07; soluble in 1.5 vol. 
of 70 p. c. alcohol. Cineol is the principal constituent. Pinene 
is likewise present but the test for phellandrene gave a negative 
result. 

When shaken with bisulphite solution, the oil yielded a small 
amount of a solid compound, but it was impossible to identify 
benzaldehyde. 

571. Oil of Eucalyptus populifolia. 

Eucalyptus popuUMia, Hook., bembil box or poplar-leaved 
box, is a native of New South Wales, Queensland and northern 
Australia. Baker and Smith") obtained 0.661 and 0.856 p.c. of 
a light yellowish-brown oil: dj,.0.920 and 0.923; [a]],-f 0.43 and 
-fl.3°; njjj,, 1.4709*); A.V. 1.9; soluble in 1‘A vol. of 70 p.c. alcohol. 
Cineol is present to the extent of 57 to 62 p.c., pinene and a 
sesquiterpene id subordinate amounts. Upon standing a precipi¬ 
tate is formed, as is the case with other eucalyptus oils (see 
p. 261). According to Schimmel 8i/Co.*) the oil .contains cuminic 
aldehyde and relatively much dneol. 


’) Smith, toe. cit. 44. 

*) Report of Schimmel S Co. October 1800, 32. 

*> Research, p. 91. 

*) Smith, toe. cit. 'K), 

"1 Research, p. 92. See aiso Maiden, A critical revision of the genus 
Eucalyptus, vol. 1. p. 339. 

•) Report of Schimmel S Co. April 1898, 38. 
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572. Oil of Eucalyptus longifolia. 

The oil of Eucalyptus longifolia, Link et Otto {E. WooUsii, 
F. V. woolly butt, was mentioned by Maiden®) some years 
ago. Later it was examined more fully by Baker and Smith®). 
This species is a native of New South Wales and Victoria. 
Its leaves yield 0.535 p. c. of oil: d,„.0.9226; [«]p + 3.1“; 
n,,,,. 1.4738*); A.V. 2.2; E.V. 1.4; soluble in I'/s vol. of 70 p.c. 
alcohol. This oil contains much cineol little pinene and a sesqui¬ 
terpene. According to Maiden ®) the oil is viscid, has an aromatic, 
cooling taste and a camphor-like odor; b. p. 194 to 215°; d 0.940. 

573. Oil of Eucalyptus Maideni. 

One of the blue gums, the Eucalyptus Maideni, F. v. M., is 
a native of the north of New South Wales. From the leaves 
Baker and Smith®) obtained 1 p.c. of an oil; dj5,0.9247; [ujj, -|- 5.3°; 
fiuB* 1.4736*); S.V. 21.8. It was rich in cineol and also contained 
pinene and sesquiterpene. 

574. Oil of Eucalyptus Globulus. 

Origin. Of all of the eucalypts. Eucalyptus Globulus, Lab. 
is best known outside of Australia and most highly esteemed ’). 
The beneficial influence which its cultivation exerts in making 
malarial regions more sanitary is, no doubt, attributable to the 
drying up of marshes rather than to any balsamic emanation 
of its leaves. Formerly it was supposed that the transpiration 
of the leaves must be great since the trees dried up swamps 
so readily. However, the error of this assumption was demon- 

') Comp. Maiden, A critical revision of the genus Eucalyptus, vol. II p. 295. 

") Useful native plants of Australia, p. 270. 

•■') Research, p. 94. 

*) Smith, toe. cit. 45. 

®) Research, p.,95. See also Maiden, A critical revision of the genus 
Eticalyffus, p. 256. 

^ Ibt. cit. 44. 

A^rding to A. F. CollinsffChemist and Druggist 67 [1905], 103), the 
'Eucalyptus dumosa and E. oleosa ar^old as globulus oils and not 

tft the oils labled as globulus oils are actuallv derived 

Eucalyptus Globulus. 
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strated by E. Griffon ‘) who showed that the transpiration capacity 
of willow, birch and ash is two to three times as great as that 
of the eucalyptus leaves. Hence the drying capacity of the 
eucalyptus is attributable to its capacity to produce a large 
foliage surface in a very short time'’). 

This species, known in Australia as blue gum, requires about 
the same climatic conditions as does the orange tree. Its excellent 
qualities caused it to be transplanted to all parts of the globe. It 
is now found in Algiers, southern France, Italy, Spain and Portugal, 
California, Florida, Mexico, )amaica, Transvaal, India and numerous 
other countries. In Australia it is found principally in Ta.smania, 
but it also occurs in the southwestern part of this continent. In 
their large monograph on the eucalypts”) Baker and Smith further 
mention its occurrence about Hullo mountain and )enolan caves 
(Hew South Wales), also in Victoria. 

According to F. von Muller the fresh leaves yield 0.71 p.c. 
of oil. From the dried leaves Schimmel Si Co. obtained yields 
varying from 1.6 to 3 p.c. 

Properties. Oil of Eucalyptus Globulus is a very mobile 
liquid which is either colorless or possesses a light yellow 
color, an agreeable refreshing cineol odor and a spicy, cooling 
taste. In the case of crude oils the presence of aldehydes, 
particularly valeric aldehyde, manifests itself by an irritating 
action producing coughing. Well-rectified oils do not possess 
this property, or at least in a slight degree only. For commercial 
oils designated globulus oils Schimmel 8| Co. determined the 
following properties: dj^. 0.910 to 0,930; «„ dextrogyrate up to 
-1-15°; n„.j„. 1.460 to 1.469; soluble in 2 to 3 vol. and more of 
70 p.c. alcohol. Crude oils are, occasionally, not as readily 
soluble. For crude oils Baker and Smith‘) record the following 
properties: d,„.0.913; [«]„-+-9.2°; n„„J.470»); A.V. 1.1; E.V.l; 
soluble in 1.5 vol. of 70 p.c. alcohol. 

‘) Compt. rend. 188 (1904), 157. 

*) See also A. Zimmermann, Der Pflanzer 9 (1913), 107. 

") Research, p. 97. See also: Baker and Smith, A research on the 
eucalypts of Tasmania, Hobart 1912, p. 16. — Maiden, A critical revision of 
the genus Eucalyptus, vol. 11. p. 249. 

*) Research, p. 96. 

') Smith, Joe. cit. 44. 
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The density of the oil increases with the cineol (eucalyptol) 
content whereas the angle of rotation diminishes. Oils with a 
high eucalyptol content congeal to a white crystalline mass 
when exposed to the temperature of a freezing mixture of ice 
and salt. 

• Composition. Eucalyptus oil was first investigated by Cloez') 
in 1870. By means of fractional distillation he separated a sub¬ 
stance boiling at ITS' which he named eucalyptol. From the 
low specific gravity (0.905 instead of 0.930), also from the 
optical rotation of the fraction, it becomes apparent that it was 
still largely contaminated with terpenes, for which reason the 
elementary analysis yielded Cloez the wrong empirical formula, 
viz. 

Several years later (1874) A. Faust and ). Homeyer*) examined 
an eucalyptus oil concerning the origin of which they make no 
statement. The fact that fraction 171 to 174° of this oil con¬ 
tained no oxygen proves that the oil could not have been that 
of Eucalyptus Globulus. 

The correct composition of eucalyptol as C,„HisO was 
recognized by E. )ahns'‘) who proved its identity with cineol. 
He availed himself of the method of 0. Wallach and W. Brass*) 
to isolate the pure cineol by passing hydrogen chloride into the 
fraction. For the properties of cineol see vol. I, p. 526. 

The hydrocarbon accompanying cineol, formerly known as 
eucalyptene, is nothing more or less than A-u-pmene. By passing 
dry hydrogen chloride into fraction 165“), 0. Wallach and E.Gilde- 
meister*) obtained solid pinene monohydrochloride. With amyl 
nitrite and hydrochloric acid a nitrosochloride resulted which, 
when boiled with alcoholic potassa, yielded nitrosopmene (m.p. 129 
to 130°); likewise, when heated with piperidine, yielded pinene 
nitrol piperidine melting at 116°. 

Other observations render it probable that in addition to 
•(-pinene globulus oil contains other terpenes. When treating 

‘) Compt. rend. 70 (1870), 687. — Liebig’s Annalen 15* (1870), 372. 

'■•) Berl. Berichte 7 (1874), 63. 

») Berl. Berichte 17 (1884), 2941. - Arch, der Pharm. 228 (1885), 32. 

Liebig's Annaien m (1884), 291. 

") liH/em 246 (1888), 283. — Comp, also Voiry, BtOI. Soc. chim. II. 80 
(1888), 106. 
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fraction 156 to 157' with formic acid, Bouchardat and Tardy') 
obtained terpineol, /soborneol and fenchyl alcohol. The formation 
of terpineol is explained by the presence of pinene, whereas 
the formation of /soborneol and fenchylalcohol may be attributed 
to camphene and fenchene. The observations of Bouchardat 
and Tardy have been largely verified by Schimmel £i Co.-); however, 
upon heating the terpene fraction boiling at 155° with benzoic 
acid to 150’ they could not obtain fenchyl alcohol. In the same 
fraction the presence of camphene could readily be proven. 

The unpleasant odor of crude eucalyptus oil which produces 
coughing is due to various aldehydes, more particularly valeric 
aldehyde, also butyric and capronic aldehydes^). According to 
G. Bouchardat and Oliviero") the first fractions also contain 
ethyl and amyl alcohol. In addition Wallach and Gildemeister*) 
found fatty acids the nature of which has not been determined. 
The amyl alcohol isolated by Schimmel 8( Co.*), after having been 
purified by means of its calcium chloride addition product, boiled 
at 131° and yielded a phenylurethane (m.p. 52 to 53°) which when 
mixed with that of technical /soamyl alcohol suffered no melting 
point depression. It thus became apparent that the oil contains 
isoamy! alcohol. After freeing the fraction boiling near 140' from 
terpenes, by oxidation in the cold, with potassium permanganate, 
Schimmel £i Co. obtained a residual oil that had the characteristic 
odor of amyl acetate. 

The portions of the oil that boil above 200° are Isevogyratc 
and in the course of the distillation yield an acid (acetic acid?), 
hence they contain an ester. Upon saponification an alcohol 
boiling between 215 and 220" is obtained. As shown by Wallach ') 
there can be but little doubt that this alcohol is the optically 
active modification of pinocarveol prepared synthetically by him“). 
The alcohol, purified by means of its acid phthalic ester (action of 
phthalic acid anhydride on the sodium compound of the alcohol in 
ethereal solution) revealed the following constants: b.p.92°(12mm); 



195 ), 1417 . 

h Co. April 1K04, 53. 
. » (1893), 429. 


346 (1906), 227 
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d 0.9745; [«]„ —52.45° (in 12.75 p.c. solution); 1.49630. The 
analysis left no doubt that the substance had the formula 
The phenylurethane was resolved into two parts, one of which 
melted at 94 to 95°, the other at 82 to 84'. Upon oxidation the 
alcohol yielded a ketone C,„H,.,0 which yielded two semicarba- 
zones (m.p. 209 to 210 and above 300 ). The semicarbazone of 
the melting point 209 to 210° was the principal product. Whereas 
the free ketone CjoHj^O bore the greatest resemblance to pino- 
carvone, its oxime boiled at 140 (20 mm.) and upon cooling 
congealed to a crystalline mass which revealed a melting point 
much lower than that of pinocarvoxime. Possibly the differences 
are due to the fact that one of the oximes is active and the 
other inactive. 

In the highest fraction of an oil Schimmel 8| Co.‘) observed 
crystals which, after being freed from adhering oil by pressing 
on porous plates and recrystallization from 70 p.c. alcohol, were 
obtained as shiny, almost odorless needles melting at 88.5°. 
b.p. 283" (755 mm); [o],, —35°29' (12 p.c. chloroform solution). 
Elementary analysis gave figures in agreement with the formula 
for a sesquiterpene alcohol Cir,H,r.OH. An attempt was made to 
convert 'the alcohol into its ester by acetylation. However, only 
about 5 p.c. of ester was obtained, whereas most of the alcohol 
had been dehydrated to hydrocarbon. Dehydration is best accom¬ 
plished by means of90 p.c. formic acid when a mixture of dextro- 
and tevogyrate hydrocarbons results. After frequently repeated 
fractionations a separation of two isomeric sesquiterpenes resulted 
which, after treatment with aqueous alkali and distillation over 
metallic sodium, revealed the following constants; I. (1-sesqui¬ 
terpene) b. p. 102 to 103 ’ (6 mm), 247 to 248'; (748 mm) d,„. 0.8956; 
(f„—55°48'; n„ 2 „. 1.49287. II. (d-sesquiterpene) b.p. 265.5 to 266° 
(750 mm.); d,,, 0.9236; «„-l-58°40'; n„.,„, 1.50602. 

Other dehydrating agents, such as sulphuric acid and phos¬ 
phorus pentoxide, yielded both hydrocarbons though in varying 
proportions. 

Neittier the sesquiterpene alcohol nor the hydrocarbons 
derived therefrom agree, as to physical properties, with any of 
their known isomers. 

*) Report of Schimmel S Co. April 1904,51. 
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For the alcohol F. W. Seramler and E. Tobias') suggest the 
name globulol. In their opinion it is different physically, and 
possibly also chemically, from eudesmol. It is not excluded, 
however, that similar relations may exist between eudesmol and 
globulol as between borneol and /soborneol. 

In an oil distilled by themselves Baker and Smith") (comp, 
p. 245) found eudesmol and a sesquiterpene in addition to 
pinene. The sesquiterpene produces the red color which results 
upon the treatment of the oil with phosphoric acid. 

575. Oil of Eucalyptus pulveruienta. 

Eucalyptus pulverulenta. Sims. (E. pulvigera, A. Cunn.)") is 
one of the shrubby species and its occurrence is restricted to 
a few places in New South Wales. From the leaves Baker and 
Smith") obtained 2.22 p.c. of an amber-colored oil: d,,. 0.9236; 
[«]„ -4-2.3"; nj„„. 1.4686"); A.V. 1.38; E.V. 16.98; soluble in lV*vol. 
of 70 p.c. alcohol. It is rich in cineol and contains p/fle/re, but 
no phellandrene. 

Schimmel 8| Co.*) found the following properties: dj^. 0.9217; 
“ii H-i‘’4'; soluble in 2 vol. of 70 p.c. alcohol. The oil contained 
much cineol but gave a very faint phellandrene reaction. 

576. Oil of Eucalyptus cinerea. 

Eucalyptus cinerea, F. v. M."), the Argyle apple, is a native 
of New South Wales. According to Baker and Smith*) the leaves 
yield from 1 to 1.3 p.c. of oil which, when rectified, is of a yellow 

■) Bert. Berichte 48 (1913), 2030. 

") Research, p. %. 

“) According to Maiden (A critical revision of the gpnus 'Eucaiyptus, 
vol. III. p. 1) £. pulverulenta, F. v. M. non Sims, is synonymousjwitb E. cinerea, 
F. V. M. • On the other hand, E. pulverulenta, Sims, is synonymous with £ rigida, 
Hoffmg. and £. cordata, Lodd. non Lab. 

Research, p. 98. 

*) Smith, loc. at. 44. 

°) Report of Schimmel Co. April iSOE, 39. 

'') See also Maiden, A critical revision of the genus Ei^yptus, vol. III. 
p. 1. According to this author £. cinerea is anonymous with E. pulverulenta, 
F. V.M., £. Stuartiana aecunda, F. v. M., £. f^fkrulenta, F. v. M. var. lanceolaia, 
Howitt and £. Stuartiarra var. cordata, BaMr and Smith. 

*) Research, p. too, 231. 
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color. The crude oil has the following properties: d,,, 0.9113 to 
0.9225; [o]„+2.7 to 4.46’; 1.4706'); A.V, 1.4; E.V. 14.4 

to 22.6. It contains 59 */o cineol, also pinene and relatively much 
ester. In the aqueous distillate Baker and Smith found acetic acid. 

577. Oil of Eucalyptus Stuartiana. 

Eucalyptus Stuartiana, F. v. M., known as apple of Victoria, 
is a native of that province. Its leaves yield 0.394 p.c. of oil; 
d„.0.916; [«]„ +5.24°; n,„„. 1.4790^); S.V. 14.2; soluble in I'A vol. 
of 70 p.c. alcohol"). It contains 53 p.c. cineol, also pinene and 
an ester, but no phellandrene. According to Wilkinson") the oil 
has the following properties: d 0.917 to 0.932; [aj^ — 7 to —16°. 

578. Oil of Eucalyptus Stuartiana var. cordata. 

Eucalyptus Stuartiana var. cordata, Baker et Smith") (E.pui- 
verulenta var. lanceoiata, A. W. H.) is also a native of Victoria. 
According to Baker and Smith") its oil closely resembles that 
o\ E.cinerea. The yield amounts to 1.13 p.c.: d,j. 0.934;. S.V. 35.2; 
soluble in I'/i vol. of 70 p.c. alcohol. It does not contain as 
much cineoi as the preceding oil. 

579. Oil of Eucalyptus Morrisii. 

According to Baker and Smith") the shrub-like Eucalyptus 
Morrisii, R. T. Baker, the grey maHee, which HHj^vs in stony soil, 
is suitable for production of oil of which it^elded 1.613 and 
1.69p.c.respectively: d,,.0.9097andO.9164;[a]„ + 4.1 and +6.7°; 
n,,,,, 1.4693');.A.V. 2.4; E.V. 5.7; soluble in I'/s vol. of 70 p.c. 
alcohol. It contains from 58 to 63 p.c. of cineoi, also d-pinene 
but no phellandrene. 

') Smith, toe. cit 44. 

") Ibidem 45. 

*) Proceed. Royal Soc. of Victoria ItWS, 198. 

*) Research, p. 103. 

'•) According to Maiden, A critical revision of the genus Eucalyptus, 
vol. 111. p. I this species is synonymous with f. cineret, P. v. M.. 

") Research, p. 105. 

’) Ibidem, p. 105. — Baker, Proceed. Linnean Soc. of N. S. W. tWl>, 312; 
Report of Schimmel 8| Co. October 1801, X. 
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580. Oil of Eucalyptus Smithii. 

One of the oils richest in cineol is that of Eucalyptus 
Smithii, R. T. Baker, known as white top, gully ash and white 
ironbark, which is native to Mew South Wales and possibly 
occurs in Victoria as well. Baker and Smith*) obtained 1.14 
to 1.78 p.c. of a light reddish-yellow oil: d,,,. 0.915 to 0.9158; 
[4,4-5.35 to 6.72'’; n,.,„, 1.4706"); A.V. 1.6; E.V. 0.8; soluble 
in l'/4 vol. of 70 p.c. alcohol. The cineoi content amounts to 
about 70 p.c. Other constituents are d-pinene and little eudesmol. 
The oil from the “sucker leaves” (see p. 229) is practically 
identical with that from the old leaves. In the aqueous distillate 
Baker and Smith found acetic acid (barium salt). 

In connection with oils secured from Australia, Schimme! 8; Co. 
observed the following constants; d|„., 0.9166 to 0.9249; -t-0°24' 

to 4-4" 5'; n|,..o,, 1.46130; soluble in 1.5 to 3 vol. and more of 
70 p.c. alcohol. As high as 80 p.c. of cineoi were found. The 
phellandrene test gave negative or but faintly positive results. 


581. Oil of Eucalyptus sideroxylon. 

Eucalyptus sideroxylon, A. Cunn. (£. Leucoxylon, F. v. M. 
part.) known as red flowering ironbark, occurs in Mew South Wales 
and Victoria. The oil, yield 0.743 p.c., is described by Baker 
and Smith") aM^reddish-yellow liquid; d,j. 0.9189 fo 0.9227; 
[«]„ -1-1.52 to ST; n,„„, 1.4725"); A.V. 1.1; E.V. 1.4; soluble 
in i'/» vol. of 70 p.c. alcohol, it contains 57 to 60 p.c. cineoi, 
pinene and a small amount of sesquiterpene and an aldehyde. 

Whether the oils, reported earlier by Bosisto*) and by 
Wilkinsonf) as being derived from E. Leucoxylon, were really 
obtained from Eucalyptus sideroxylon is uncertain. 


*) Research, pp. 107, 251. —Baker, Proceed. Unnean Soc. of N. S. W. 
1899, 292; Report of Schimmel 8; Co. April WOO, 27. See also Maiden, A 
critical revision of the genus Eucalyptus, vol. II. p. 76. 

•) Smith, toe. cit. 44. 

') Research, p. 111. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. II. p. 82. 

') Maiden, The usehil native plants of Australia, p. 270. 

'■’) Proceed. Royal Soc. of Victoria, 1898, 198. 
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582. Oil of Eucalyptus salmonophloia. 

To this group belongs also the oil of Eucalyptus salmono¬ 
phloia, F. V. M., the salmon bark gum, a tree characteristic of 
western Australia*). Baker and Smith-) obtained a yield of 
1.44 p.c.; d^j, 0.9076; «„ +6.3’; n,„„. 1.4738; E.V. 4.97; soluble 
in 3‘/2 vol. of 70 p.c. alcohol. The dominant constituents are 
cineo! and pinene. it also contains aromadendral. 

583. Oil of Eucalyptus cordata. 

According to Baker and Smith"), the occurrence of Euca¬ 
lyptus cordata, Labill.*) is restricted to Tasmania. The leaves 
yielded 2.32 p.c. of oil; d 0.9138; ((,,+9.3’; n,„„. 1.4695“); 
A.V. 2.76; E.V. 12.09; soluble in l‘/4 vol. of 70 p.c. alcohol. 
The oil consists chiefly of cincol. It also contains pinene, but 
no phellandrene. 

584. Oil of Eucalyptus Muelleri. 

judging from the composition of the oil, Eucalyptus Muelleri, 
T. B. Moore") belongs to this group. This Tasmanian species 
is closely related to Eucalyptus vernicosa and is known as 
brown gum. The oil yield amounts to 1.28 p.c.; d,„. 0.9096; 
((„ + 10.4"; n,,..^,, 1.4629; S. V. 15.3; soluble in 4 vol. of 70 p.c. 
alcohol. The oil contains 60 p.c. cineol, much pinene, also 
gerany! acetate, but no phellandrene. 

585. Oil of Eucalyptus Perriniana. 

To this Same group there probably also belongs the oil of 
the Tasmanian Eucalyptus Perriniana, Baker et ^Smith, which 

') See L. Diels, Die Pltanzenwett von Westaustratien, Leipzig 1906, p. 266. 

•) Pharmaceutical )oum. 78 (1905), 375; Report of Schimmel 6( Co. April 
11KW, 31.—See also Maiden, A critical revision of the genus Eucalyptus, 
vol. II. p. 217. 

*) Research, p. 209. 

*) Comp. Maiden, A critical revision of the genus Eucalyptus, vol. II. p. 282. 

”) Smith, he. c/t. 44. 

") Baker and Smith, A research on the eucalypts of Tasmania, Hobart 
1912, p. 23; Report of Schimmel £f Co. October 1918, 57. 
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Baker and Smith’) distilled with a yield of 1 p.c.; dj,. 0.9119; 

i S-O"; n,,,,. 1.4651; S. V. 10.3; soluble in twice its volume of 
70 p.c. alcohol. The dneo/ content amounts to 68 p.c. In 
addition it contains much p/nene, also a sesquiterpene. 

586. Oil of Eucalyptus uniaiata. 

Eucalyptus uniaiata, Baker et Smith (E. viminaiis var. 
macrocarpa) is indigenous to Tasmania. Baker and Smith-) 
distilled the oil with a yield of 0.897 p.c.; d,^" 0.9179; dj, +3.1°; 
np,g. 1.4690; S. V. 11.1; soluble in l®/i vol. of 70 p.c. alcohol; 
upon addition of 10 vol. the solution becomes turbid. Con¬ 
stituents: 62 p.c. cineoi (resorcinol method), d-pinene and a 
sesquiterpene. 


587. 011 of Eucalyptus urnigera. 

Urn gum or Eucalyptus urnigera, Hook. f. yields 1.13 p.c.”) 
of oil: d„. 0.9088; +11.8°; Op,,. 1.4638; S.V. 18.3; soluble 

in 5 vol. of 70 p.c. alcohol. It contains about 63 p.c. cineoi, 
d-pinene and geranyi acetate. 

588. Oil of Eucalyptus vernicosa. 

Eucalyptus vernicosa, Hook. f. is,a native of Tasmania. 
Baker and Smith”) obtained 0.807 p.c. of volatile oil; d^. 0.9038; 
Op 1 11.3°; Op,g. 1.4651; S.V. 5.9; soluble in an equal volume 
of 80 p.c. alcohol. The oil contains 59 p.c. cineoi and much 
d-pinene. 

589. Oil of Eucalyptus Rodwayi. 

The apple-scented gum or black gum, Eucalyptus i^odwayi. 
Baker et Smith, is a native of Tasmania”), It yields 0.482 p.c. 
of oil; d„. 0.9075; Op-j 10.6°; Op,,. 1.4653; S.V. 3.96; soluble 
in 6 vol. of 70 p.c. alcohol. It contains more than 60 p.c. of 
cineoi (resorcinol method) also d-u-pinene and a sesquiterpene. 


*) Baker and Smith, A research, on the eucalypts of Tasmania, Hobart 
1912, p. 25. 

•) Ibidem 38. 

“) Ibidem 40. 

*) Ibidem 42. 

•) Ibidem 53. 
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Group lllb. 

Oils containing more than 40 p. c. of cineol, which 
contain less pinene but in which aromadendral occurs. 

590. Oil of Eucalyptus Cambagei. 

In the central districts of New South Wales and Victoria 
is found the bundy or bastard box, Eucalyptus Cambagei, Deane 
et Maiden (E. elaeophora, F. v. M.; E. goniocalyx, F. v. M. var. 
pallens, Benth.)*). According to Baker and Smith*) the leaves 
yield 0.829 to 0.835 p.c. of crude oil which is of a reddish, 
orange-brown color; dj^. 0.9191 to 0.9208; [«]p—0.75 to -I 6.16°; 
npij. 1.4720“); A.V. 3.4; E.V. 4.2 to 5.37. In addition to much 
cineol it contains pinene, aromadendral and audesmol, but no 
phellandrene. 

591. Oil of Eucalyptus polybractea. 

Eucalyptus polybractea, R. T. Baker, blue mallee or silver 
mallee*), one of the mallee shrubs") is a native of the interior 
of New South Wales. Together with E. dumosa, it constitutes 
the blue mallee of the*whipstickscrubs of a desolate area in 
Bendigo (Victoria) covered with eucalypts. Here it is distilled 
on a large scale"). The light yellow oil is obtained, according 
to Baker and Smith’), with a yield of 1.35 p.c. During recent 
years it has been produced in Australia in large quantities") 
and is said to be particularly suited for certain purposes"). It 
is very rich in cineol. Pinene and aromadendral were detected 


') See also Maiden, A critical revision of the genus Eucalyptus, vol. II. 
p. 275. 

*) Research, p. 113. 

“) Smith, toe. cit. 44. 

•) Pertum. Record 5 (1914), 22. 

*) See p. 238. 

•) Bendigo Advertiser of March 1913; Report of Schimmel S Co. October 
IBIS, 54. 

’) Research, p, 116. — Proceed. Unnean Soc. of M. S. W. IMO, 692; 
Report of Schimmel J) Co. April 1904, 40. 

*) Report of Schimmel & Co. October 1907, 45. 
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in small amounts only. d„.0.9143; [«]„ —2.13"; n,„,, 1.4692 
to 1.4736*); A.V. 0.99; E. V. 3.51; soluble in l */2 vol. of 70 p.c. 
alcohol. 

In connection with an oil obtained from the Technological 
Museum at Sydney, Schimmel Sj Co.'*) determined the following 
constants: d„.0.9193; «„-r3'; n„,,„. 1.46743; not soluble in 
10 vol. of 70 p.c. alcohol, soluble in an equal vol. of 80 p.c. 
alcohol, the addition of more solvent causes opalescence. The 
phellandrene reaction gave a negative result. In connection with 
commercial oils the same firm records the following observations; 
d„.0.9282 to 0.9301; «„ + 0 10' to +0"41'; n„j„,1.45921 to 
1.46111; soluble in 4 vol. of 60 p.c. and 1.6 to 2 vol. and more 
of 70 p.c. alcohol. The cineol content amounted to from 85 to 
94 p.c. In one instance the congealing point was found at 3 . 8 ". 

An oil of Eucalyptus polybractea examined by ). C. Umney 
and C. T. Bennett'*) revealed d 0.929; «j, + 0 ; cineol content 
determined by the phosphoric acid method, 79 to 80 p.c. 
E. M. Holmes <) is of the opinion that this oil was no normal 
distillate. Schimmel £| Co.**) are likewise of this opinion. 

592. Oil of Eucalyptus dumosa. 

Eucalyptus dumosa, H. Cunn."), bull mallee, is indigenous to 
the dry interior of New South Wales, South Australia and Victoria. 
Baker and Smith'*) describe its oil as an amber-colored product 
obtained with a yield of 1 p.c.; d, 5 . 0.9016 to 0.9151; [«]„-f- 2.44 
to -F 6.34“; n„„. 1.4760'); A. V. 0.63; E. V. 2.3; soluble in 
V'h vol. of 70 p.c. alcohol. The oil is rich in cineol, also contains 
pinene and aromadendral but no phellandrene. In connection 
with commercial oils Schimmel 8 ; Co. ascertained dj,. 0.9211 to 
0.9279; «|,-)-9"26' to —-5“13'; soluble in 1.5 to 2.4 vol. and more 
of 70 p. c. alcohol. Phellandrene reaction negative. 

*) Smith, loc. cit. 45. 

*) Report of Schimmel S Co. April 1005, 37. 

“) Pharmaceutical |oum. 74 (1905), 143. 

*) Ibidem 211. 

**) According to Maiden (A critical revision of the genus Eucalyptus, 
vol. I. p. 97) Eucalyptus dumosa, A. Cunn. is synonymous with f. incrassata, 
Labill., var. dumosa, A. Cunn. 

'*) Research, p. 117. See also Bericht von Schimmel & Co. October 18(W, 26. 
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593. Oil of Eucalyptus oleosa. 

Eucalyptus oleosa, F.v.M. (E. socialis, F.v.M.; E. turbinata, 
Behr.) belongs to the shrubby eucalypts.' It is indigenous to 
Queensland, Victoria, Western Australia and the western interior 
of New South Wales where it is known as red or water mallec. 
According to Baker and Smith ■), the oil (yield 1.064 p. c.) is 
reddish orange-brown; dj,,0.925; [«]„-t.62‘; n„„, 1,4746-); 
A.V. 3.4; E. V. 1.5; soluble in 1' . vol. of 70 p.c. alcohol. The 
principal constituent is cineol. Pinene, aromadendral and a 
sesquiterpene are the other known constituents. On standing, 
the oil deposits a solid substance. A sample said to have been 
derived from Eucalyptus oleosa was examined by Schimmel Co. 
with the following results: d„, 0.9172; «„4-0'’3'; soluble in 
2.5 vol. and more of 70 p.c. alcohol. 

594. Oil of Eucalyptus cneorifolia^). 

The oil of this shrub-like species, a native of the Kangaroo 
Islands, first appeared in the market many years ago. An 
Adelaide firm which brought it into the market designated it 
as being derived from Eucalyptus oleosa. The explanation is 
that E. cneorilolia, D. C. was formerly regarded as a variety of 
E. oleosa*), d 0.899 to 0.923; —4° to - 14°; n„,„. 1.4747'*)''). 

Baker and Smith") record the following properties: d,„.0.9287; 
[«Ji, — 5.82°; S. V. 16; soluble in 1'/< vol. of 70 p.c. alcohol. 
The oil was rich in cineol and also contained aromadendral, 
and a sesquiterpene, but neither pinene nor phellandrene. 

Two samples, one crude, the other rectified, examined by 
Schimmel 8| Co.’) had the following constants: — 

Color dis «i, sol. in 70 p.c. alcohol. 

Crude oil . . light brown 0.9192 —7° 25' 3.5 vol. and more. 
Rect. oil . . . yellow 0.9196 — 2°37' 2.5 vol. and more. 

’) Research, p. 118. — Maiden, A critical revision of the genus Euca¬ 
lyptus, vol. II. p. 165. 

*) Smith, toe. cit. 44. 

") Maiden, A critical revision of the genus Eucalyptus, vol. II. p. 127. 

") Report of Schimmel Co. April 1898, 59. 

•') Wilkinson, Proceed. Royal Soc. of Victoria 1898,198. 

") Research, p. 120, 219. 

’) Report of Schimmel Bi Co. October 1918, 56. 

Gildcmeistcr, The volatile oils. III. 
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Both oils were free from phellandrene. The eucalyptol 
content, determined by the resorcinol method, amounted to 
41 p.c. for the crude oil and 64 p.c. for the rectified oil. 

595. Oil of Eucalyptus stricta. 

Eucalyptus stricta, Sieb. (E. microphylla, A. Cunn., part.; 
E. Cunrtinghamii, G. Don., part.) likewise belongs to the 
shrubby eucalypts and is indigenous to parts of New South 
Wales. Baker and Smith’) obtained 0.49 p.c. of oil: djj.d.9246; 
«!,—3.8°; n,„„. 1.4711*); A. V. 0.8; E. V. 1.7; soluble in l‘/4 vol. 
of 70 p. c. alcohol. It contains very much cineol, also pinene 
and eudesmol. 


Group lllc. 

Oils with more than 40 p.c. cineol containing 
phellandrene. 

596. Oil of Eucalyptus melliodora. 

Eucalyptus melliodora, A. Cunn., or yellow box is indigenous 
to the plateaus from Queensland to Victoria. According to Baker 
and Smith”) its oil, yield 0.866 p.c., consists exclusively of cineol 
and pinene with small amounts of phellandrene. d,,,, 0.9019 to 
0.9046; [a]„ + 5.36to+7.87°; n,„„. 1.4706’); S.V. 7.21 to 21.96; 
soluble in t’/s vol. of 70 p.c. alcohol. 

For an oil said to have been obtained from Eucalyptus 
melliodora, Schimmel § Co. record the following constants: 
dj,.0.9222; ap + 6°50'; n,,,,.1.46110; soluble in 2 vol. of 70 p.c. 
alcohol. 

597. Oil of Eucalyptus ovalifolia var. lanceolata. 

Eucalyptus ovalifolia, R. T. Baker, var. lanceolata, Baker 
et Smith, which grows in the mountains of New South Wales, 

') Research, p. 121. 

*) Smith, loc. cit. 44. 

*) Research, p. 122. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. II. p. 1%. — Baker and Smith, Chemist and Druggist 5! 
(1900), 294, See also Parry, / 6 «/e/n»S (1901), 588; Report of Sdiimmei 81 Co. 
October t»01, 28. 

*) Smith, toe. cit. 45. 
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yields 0.58 p.c. of an amber-colored oil*): d„.0.9083; {«],- 4 . 7 "; 

4711®); A. V. 0.84; E. V. 3.03; soluble in 2 vol. of 70 p.c. 
alcohol. It consists principally of cineo/, pinene and phel/andrent. 

598 . Oil of Eucalyptus Risdoni. 

Known as Risdon, drooping gum and blue peppermint, 
tucalyptus Risdoni, Hook. f. grows in southern Tasmania. 
According to Baker and Smith®) the crude oil. yield 1.35 p.c., 
has the following properties: d„.0.9045 to 0.9079; «„--0.33 to 
14.6 ; n,„,.1.4733'*); S. V. 21.1 to 23.8. It contains about 
55 to 58 p.c. cineo! (resorcinol method) and little phellandrene. 
lodging from the odor piperitone and amyl acetate are present. 

In 1894 there was introduced into the London market an 
eucalyptus oil with a pleasant and mild odor which was termed 
Oil from Eucalyptus Risdonia-, d 0,915 to 0,916; «„ - 4'’49'. 

It contained cineo! and pheHandrene"). 

599 . Oil of Eucalyptus Guntiii. 

The cider tree or cider gum, Eucalyptus Gunnii, Hook, f., 
grows in Tasmania. Baker and Smith") describe the crude oil, 
yield 0.387 p.c., as a dark red liquid: di,. 0.9014; «„ ( 1.5'; 
n,„B. 1.4752; S.V. 6.7; soluble in 4 vol. of 80 p.c. alcohol. It 
contains 41 p.c. cineo!, A-pinene, \-phe!!andrene, esters not 
further characterized, also sesquiterpenes. 

600. Oil of Eucalyptus linearis. 

White peppermint. Eucalyptus linearis, A. Cunn., also grows 
in Tasmania. Baker and Smith®) obtained 1.1 to 1.8 p.c. of oil, 

') Baker and Smith, Research, p. 124. 

’) Smith, toe. cit. 45. 

’) Research, p. 208. — A research on the eucalypts of Tasmania, 
Hobart 1912, p. 35. See also Maiden, A criticai revision of the genus 
Eucalyptus, vol. I, p. 172. 

*) Smith, /oc. cit. 44. 

") Report of Schimmel S Co. April INW, 30. 

") A research on the eucalypts of Tasmania, Hobart 1912, p. 17; Report 
of Schimmel 6 Co. October ISIS, 57. 

’) A research on the eucalypts of Tasmania, Hobart 19f2, p. 19; Report 
of Schimmel 0 Co. October ISIS, 57. 


17* 



260 


Family: Myrtach*. 


the principal constituents of which are cineo! (abt. 50 p.c.) and 
Uphelhndrene. In addition it contains piperitone and a sesqui¬ 
terpene. This oil shows great similarity with that of Eucalyptus 
amygdatina var. Australiana. 


Group IV. 

Oils with not more than 30 p.c. cineol and devoid 
of phellandrene, which consist principally of cineol, 
pinene and aromadendral. 

601. Oil of Eucalyptus tereticornis. 

Eucalyptus tereticornis. Smith, red gum or blue gum, is indi¬ 
genous to a large part of eastern Australia. According to Baker 
and Smith') it yields 0.482 p.c. of oil. The orange-brown crude 
oil has a decided odor of aromadendral. Phellandrene does not 
occur in the oil but a small amount of pinene is found. The 
cineol content was less than 5 p.c. In addition to aromadendral the 
oil contains a fair amount of sesquiterpene, dn.0.9218; [«]„—10.2"; 
n,„„. 1.4934"); S.V. 26.7; soluble in an equal volume of 80 p.c. 
alcohol. 

In 1893 Schimmel 8; Co.“) described oil of Eucalyptus 
tereticornis as being free of cineol, a statement contradicted 
by the examination just recorded above. 

Concerning oil of Eucalyptus tereticornis var. linearis see 
p. 239. 

602. Oil of Eucalyptus punctata var.,didyma. 

The var. didyma, Baker et Smith of Eucalyptus punctata, 
D.C. is widely distributed over New South Wales. Baker and 
Smith') obtained a yield of 0.18 and 0.37 p.c. of oil which 
contains 10 to 20 p.c. of cineol, also aromadendral and little 
pinene. d,,. 0.9033 to 0.907; [«]„—4.63 to—6.53°; n^,. 1.4868*); 
soluble in 7 vol. of 70 p.c. alcohol and in 2 vol. of 80 p.c. alcohol. 


') Research, p. t26. 

*) Smith, toe. cit. 46. 

*) Report of Schimmel Si Co. April 1898, 38. 
•) Research, p. 127. 
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603. Oil of Eucalyptus gracilis. 

As early as in the nineties Wilkinson*) made mention of the 
on of Eucalyptus gracilis, F. v. M. -), a mallee shrub that is 
widely distributed over the Australian continent. From the 
leaves Baker and Smith*') obtained O.dOl p.c. of an amber- 
yellow oil consisting of a mixture of cineol, d-piiiene and 
aromadendral. d,^. 0.9098; [«J„-p 1.48'’; n„i„. 1.4771'); A.V. 3; 
E. V. 3.1; soluble in an equal vol. of 80 p.c. alcohol. 

Wilkinson') records d 0.909; [if],,+9.3 . 

Whether preserved in the dark or exposed to daylight the 
oil deposits a solid substance, an observation that has also been 
made in connection with the oils of Eucalyptus punctata, 
E. Cambagel, E. dumosa, E. Globulus, E. goniocalyx, E. hemi- 
lainpra, E. intertexta, E. maculosa, E. oleosa, E. pendula, 
E. populilolia, E. quadrangulata and E. resinilera. This white 
deposit is insoluble in the ordinary organic solvents with the 
exception of chloroform. Its formation is probably due to a 
constituent which these oils have in common. As to its com¬ 
position nothing is known as yet. 

604. Oil of Eucalyptus viridis. 

Another mallee shrub, the Eucalyptus viridis, K. T. Baker") 
is indigenous to a part of New South Wales, where it is known 
as green, red or brown mallee. Baker") and Baker and Smith*) 
describe the oil of which they obtained a 1.06 p.c. yield, as an 
orange-brown liquid. It consists of cineol (less than 10 p.c.), 
\-pinene and aromadendral. Phellandrene was not present. 

') Proceed. Royal Soc. of Victoria IS9S, 197. 

*) According to Maiden (A critical revision of the genus Eucalyptus, 
vol. I. p. 79) f. gracilis is synonymous with £'. caiycogona, Turcz. var. 
celastroides, Maiden. 

”) Research, p. 129. 

*) Smith, loc. cit. 45. 

") According to Maiden (A critical revision of the genus Eucalyptus, 
vol. II. p. 45) E. viridis is synonymous with E. acacioides, A. Cunn. and with 
E. odorata, Behr var. linearis, Maiden. 

") Proceed. Linnean Soc. of N. S. W. UHH), 316; Report of Schimmel & Co. 
October 1901, 28. 

’) Research, p. 131. 
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d,„. 0.9006; [«]„ --8.9°; n,„„. !.4828‘); A. V. 2.76; E.V. 2.97; 
soluble in 2 vol, of 80 p.c. alcohol. 

605. Oil of Eucalyptus Woollsiana. 

Eucalyptus Woollsiana, R. T. Baker, a mallee box, grows 
in parts of Mew South Wales. Baker and Smith -) distilled the 
oil with a yield of 0.44 to 0.52 p.c. It contains very little cineo! 
and no phcllandrene, but pinene and aromadehdral. d,„. 0.8890 
to 0.9051; [«J„-10.65 to -17.66°; nj.^^, 1.4895’): A.V. 2.2; 

E. V. 6.9; soluble in an equal volume of 80 p.c. alcohol. 

606. Oil of Eucalyptus albens. 

White box, Eucalyptus albens, Miq.’), is indigenous to a 
part of New South Wales. From the leaves Baker and Smith*) 
obtained 0.1 p.c. of oil which contained a fair amount of cineol, 
also aromadendral, but no phellandrenc. d,,, 0.9044; [«]„ — 7.2°; 
n,„„. 1.4836’); A.V. 3.3; E. V. 5.2; soluble in an equal volume of 
80 p.c. alcohol. 

607. Oil of Eucalyptus hemiphloia. 

Eucalyptus hemiphloia, F. v. M.*) is a common box in 
eastern South Australia, Victoria, New South Wales and southern 
Queensland. According to Schimmel 8| Co.*) this reddish-brown 
oil contains much cineo! and a large amount of cuminic alde¬ 
hyde. Baker and Smith ’) enumerate cineol, pinene and aroma¬ 
dendral as constituents and record the following properties: 
d„, 0.9117; [«]„-7.46; n„„. 1.4910’); A.V. 1.81; E.V. 4; soluble 
in 2 vol. of 70 p.c. alcohol. The yield amounted to 0.57 p.c. 

') Smith, /oc.' cit. AS. 

') Proceed. Linnean Soc. of B. S. W. 1900,684; Report of Schitnmel 6| Co. 
April 1903, 40.—Research, p. 132. 

•) Maiden (A critical revision of the genus Eucalyptus, vol. II. p. 20) 
regards £ albens as a variety of E. hemiphloia and names It E. hemiphloia, 

F. V. M. var. albens, F. v. M. 

*) Research, p. 134. 

*) Maiden, A critical revision of the genus Eucalyptus, vol. R. p. 14. 

*) Report of Schimmel 6 Co. April 1898, 38. 

’) Research, p. 136. 
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Fig. 2i. A group of eucalyptus trees at the foot of the Blue Hills (Australia). 
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From this oil, also from that of Eucalyptus sa/ubris, Baker 
and Smith ’) obtained an apparently new aldehyde. W. Anderson 
having coined the word Aromadendron for the genus Eucalyptus, 
they modified it to arotnadendraL Their first formula 
was later replaced by the formula CuHi^O. After removing 
those portions of the oil that boiled below 195 they isolated 
the aldehyde by shaking the higher portion with bisulphite 
solution. It constitutes a yellowish readily mobile liquid, the 
odor of which is not unpleasant but somewhat more aromatic 
than cuminic aldehyde, boiling between 210 and 215dj^,.0.9478; 

—49.19° (from oil of E. hemiphloia)-, b.p. 218 to 219 (with 
partial decomposition); d,,.. 0.9576; d,,, 0.9533; fa],,,,,. —90.43 ; 
n„„. 1.5141; mol. refr. found 42.76, computed for C„H,.,0/,, 42.53 
(from oil of E. salubris). 

The oxime of this aldehyde melted at 86'; the phenylhydra- 
zone, when prepared in acetic acid solution, melted at 104 to 
105"; the phenylhydrazone prepared in alcoholic or petroleum 
ether solution melted somewhat higher but was unstable; the 
naphthocinchoninic acid melted at 245 to 246 . 

Aromadendral readily adds bromine with the formation of 
a liquid dibromide (d.^,. 1.4302). Upon heating it splits off hydrogen 
bromide, probably with the formation of a monobromidc. 

Oxidized with potassium bichromate and sulphuric acid 
aromadendral yields an unsaturated, monobasic acid, aromadendric 
acid, Dried at 105 to 110°, the acid melted at 137 to 

138", a slight amount of sublimation being observable. The air- 
dried crystals melted at a lower temperature but revealed no 
constant melting point. The acid is almost insoluble in cold water, 
slightly soluble in hot water, readily soluble in alcohol and ether. 

Treated with alkaline permanganate the aldehyde undergoes 
a fairly energetic reaction with the evolution of considerable heat. 
According to Smith, one of the oxidation products is presumably 
cineol (?); another is an acid that melts at 259 to 260" and 
which, upon heating, is converted into its anhydride that melts 
at 152°, hence cannot be identical with cineolic acid. 

*) lourn. and Proceed. Royal Soc. of M. S. W. 34 (1900), I; Report of 
Schimmel Ei Co. April 1«01, 34; October 1«01, 24.—Research, p, 218 —Phar¬ 
maceutical |oum. ;3 (1903), 382. 
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According to C. Hall*) aromadendral has decided antiseptic 
properties. 

The observation that the aldehydes isolated from various 
eucalyptus oils differ greatly as to optical rotation led Baker 
and Smith to infer that aromadendral occurs in both optical 
modifications. The same conclusion is reached from the similar¬ 
ity of the oximes, hydrazones and naphthocinchoninic acids 
obtained from aromadendrals of varying angles of rotation. On 
the other hand these investigators regard it as possible that 
cuminic aldehyde may likewise be present as is the case in the 
oil of E. hemiphloia where its presence has been demonstrated 
beyond doubt by Schimmel § Co.-). 

From an Australian eucalyptus oil, probably E. odorata, 
Schimmel 8( Co. obtained, by shaking with sodium acid sulphite 
solution, 0.25 p.c. of an aldehyde, which upon careful investigation, 
proved to be cuminic aldehyde. Inasmuch as the bisulphite 
addition compound, because of its slimy character, could be 
purified only with great difficulty with alcohol and ether, it 
was dissolved in water and the aqueous solution purified by 
repeated extraction with ether. The aldehyde, liberated from 
this solution and isolated by steam distillation, boiled between 
50 (17 mm.) and 85 (5 mm.), an appreciable portion, however, 
between 82.5 and 84 ’ (5 mm.). This portion was almost colorless 
and had the odor of cuminic aldehyde. Fraction 82.5 to 84 
(5 mm.) had the following physical constants: b.p. 228 to 238 ; 
d,,.,. 0.9828; 01 ,-+O’. Very striking was the property to oxidize 
in a short time when exposed to the air. In acetic acid solution 
the aldehyde formed a semicarbazone melting between 202 and 
207°. The phenylhydrazone, recrystallized from ligroin, melted 
at 126 to 127”, the oxime at 58 . Oxidized with permanganate 
cuminic acid, m. p. 116 to 117 , was formed. A mixture of 
cuminic acid with this acid had the same melting point. 
Hence there can scarcely be a doubt as to the identity of this 
aldehyde with cuminic aldehyde. 


') On eucalyptus oils, especially in relation to their bactericidal power. 
Parramatta 1904, p. 16; Report of Schimmel S Co. October 1904, 37. 

*) Report of Schimmel 81 Co. October 19<1S, 36. — See also oil of 
Eucalyptus odorata, p. 290: Bericht von Schimmel 6 Co. April 1H«9, 19. 
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608. Oil of Eucalyptus Rudderi. 

To this group there also belongs Eucalyptus Rudderi, Maiden, 
a red gum') of New South Wales. From the fresh leaves and 
twigs Baker and Smith") obtained 0.3 p.c. of crude oil with the 
characteristic odor of the box oils and a by-odor of aromadendral. 
its constants are: d,j.0.942; ((,, — 8.5'; n„j„J.4898; soluble in 
I vol. of 80 p.c. (percentage by weight) alcohol; The oil contains 
only small amounts of cineo! (about 5 p. c.) and scarcely any pinene. 
The Isevorotation seems to be due to aromadendral. Phellandrene 
is wanting. 


Group V. 

Oils which consist of pinene, cineol and phellandrene 
and which contain not more than 30 p. c. of cineol. 

609. Oil of Eucalyptus viminalis. 

Eucalyptus viminalis, manna or white gum, is possibly the 
tallest of the eucalypts, trees with a height of 300 ft. having 
been measured. This species occurs in New South Wales, South 
Australia, Victoria and Tasmania. From the leaves Baker and 
Smith") obtained from 0.35 to 0./ < p.c. of a very dark oil which 
consisted of cineol (50 p.c., according to resorcinol method), 
phellandrene, aromadendrene and d-pinene: d,,. 0.9044 to 0.9162; 
((„ 1-3.96 to 4 4.2'; n„„. 1.4855"), n„,„. 1.4711; S.V. 9.5; soluble 
in an equal volume of 80 p.c. alcohol. 

An oil described by Wittstein and Muller") as having been 
obtained from E. viminalis (author’s name not given) differs 
so much from the one described above that it cannot be assumed 
as having been obtained from the same species. The odor of the 
oil was unpleasant; d 0.921; it boiled between 159 and 182’. 

') Maiden, A critical revision of the genus Eucalyptus, vol. II. p. 118. 

") Proceed. Linnean Soc. of N. S. W. 1908, 714: Report of Schimmel 6 Co. 
November 1908, 67. 

*) Research, p. 137, 246. — A research on the eucalypts of Tasmania, 
Hobart 1912, p. 43. 

•) Smith, toe. cit. 47. 

*) Maiden, The useful native plants of Australia, p. 275. London and 
Sydney 1889. 
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610. Oil of Eucalyptus rostrata. 

Eucalyptus rostrata, Schlccht, Murray red gum, whicti in 
Australia occurs along the shores of the Murray, Lachlan and 
Murrumbidgee rivers, has been cultivated on a large scale in 
southern France, German Southwest Africa'), also in Algeria, 
where it is said to resist the heat better than Eucalyptus Globulus. 
According to Maiden '-) the fresh leaves yield but 0.1 p.c.; according 
to Baker and Smith") from 0.137 to 0.4 p.c. of oil: d 0.912 to 
0.925; —r 8'to - 13 "): d,,,,0.8953 to 0.9065; («]„ - 13.05 to 
-16.98'’; n„,„-1.4896'’); soluble in 1 to 2 vol. of 80 p.c. alcohol. 
In connection with several commercial oils Schimmel § Co. found 
the following constants: d,„,,0.9215 to 0.9288; 0 '6'to — 2°58'; 

soluble in 2 to 4.5 vol. of 70 p.c. alcohol. All of the oils examined 
by Schimmel S Co. were free from phellandrene. An oil obtained 
by this firm from Algeria") had a decided odor of valeric aldehyde 
and contained a large amount of cineol. Baker and Smith") 
mention dneo! and aromadendral as constituents. The presence 
of phellandrene cannot always be detected for it seems to be 
dependent on the season. 

611. Oil of Eucalyptus ovalifolia. 

Eucalyptus ovalifolia, R. T. Baker is indigenous to a part 
of New South Wales. The leaves yield 0.27 p.c. of oil which 
contains much phellandrene, relatively much sesquiterpene and 
but little pinene and cineol. In the fresh oil Baker and Smith ’) 
could detect but little cineol, but after it had stood for 18 months 
18 p.c. of this substance waS found. 

In connection with the crude oil the following constants were 
found: d,5.0.9058; [a]„-9.93'’: 1.4921*); A.V.1.4; E.V.4.8: 

soluble in 1 vol. of 80 p.c. alcohol. 

') Report of Schimmel 6 Co. April IWW, 54. 

'-*) The useful native plants of Australia. London and Sydney 1884, p. 273. 

") Research, p. 139. 

*) Wilkinson, Proceed. Royal Soc. of Victoria 1898, 197, 198. 

") Smith, /oc cit. 46. 

*) Report of Schimmel Co. October 1891,51. 

") Research, p. 140. — Baker, Proceed. Linnean Soc. of M. S. W. 1909,680; 
Report of Schimmel & Co. April 190!, 39. 

*) Smith, toe. cit. 47. 
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612. Oil of Eucalyptus Dawsoni. 

The oil of Eucalyptus Dawsoni, R. T. Baker, slaty gum, a 
species indigenous to New South Wales, has been described by 
Baker and Smith') as an orange-brown, viscid liquid, the principal 
constituent of which is aromadendrene. It also contains pheHan- 
drene and a little cineol. The yield was 0.172 p.c.; d,j. 0.9418; 
S.V. 13.3; 1.5144’); soluble in 2 vol. of 80 p.c. alcohol. 

613. Oil of Eucalyptus angophoroides. 

Apple-top box is the name by which Eucalyptus angopho¬ 
roides, R. T. Baker (E. Bridgesiana, part.) is known in New South 
Wales in parts of which it is indigenous. According to Baker 
and Smith'*) the yield of the red oil is 0.185 p.c. It contains 
much phellandrene and sesquiterpene, also cineol and pinene. 
d„,0.9049; [((j„ 12.7’; n,„„. 1.4881’); A.V. 3.7; E. V. 3.6; soluble 

in an equal volume of 80 p.c. alcohol. 

614. Oil of Eucalyptus fastigata. 

In Victoria and New South Wales there occurs the cut tail. 
Eucalyptus lastigata, Deane et Maiden, the oil of which, yield 
0.11 p.c., was distilled by Baker and Smith*) and for which they 
record the following constants: d,.,.0.8925 to 0.9001; 1.4873’); 

A.V. 4.9; E. V. 7.5 to 10; soluble in 5 vol. of 80 p.c. alcohol. In 
another instance the oil did not yield a clear solution with 10 vol. 
of 80 p.c. alcohol. d-Pinene, phellandrene, eudesmol and cineol 
arc the constituents identified. 

615. Oil of Eucalyptus macrorrhyncha. 

The oil of the leaves of Eucalyptus macrorrhyncha, F. v. M., 
known as red stringy bark in New South Wales, has been exa- 

') Research, p. 142,246. — Baker, Proceed. Linnean Soc. of IS. S. W. IWW, 
295; Report of Schimmel St Co. April IIHW, 27. 

•) Smith, loc. at. 47. 

’) Research, p. 143. — Baker, Proceed. Unnean Soc. of N. S. W. 1900,676; 
Report of Schimmel 6 Co. April 1968,39. 

*) Research,'p. 145,212. 
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mined by Baker and Smith*). They obtained a yield of 0.29 to 
0.3 p.c.; d,, 0.929; njji„. 1.4802*). It contains cineol, also phel- 
landrene, pinene, eudesmol and a sesquiterpene. Baker and 
Smith ') used this oil as the source of larger quantities of eudesmol. 
Having removed by distillation the fractions below 190 , eudesmol 
separated from the residue as a butyraccous, crystalline mass. 
After recrystallization from diluted alcohol it was obtained in silky 
needles melting at 79 to SO". Eudesmol is insoluble in water and 
aqueous alkali, readily soluble in the ordinary organic solvents. 
It sublimes readily and is optically inactive. Elementary analysis 
and molecular weight determinations, according to the freezing 
point method, revealed the formula C,|,H,„0, hence an isomer 
of ordinary camphor. 

Acted upon by strong nitric acid in the cold, eudesmol yields 
an uncrystallizable dinitro product, Cn,H,,(NO.^)20. Brominated 
in glacial acetic acid solution in the cold, it yielded an amorphous 
dibromide C,|,H,„Br„0, m.p. 55to56", which could no more be 
made to crystallize than the dinitro compound. 

Oxidized with diluted nitric acid, eudesmol yielded an acid 
melting between 165 and 168° which Baker and Smith regard 
as /-camphoronic acid. 

Whereas Baker and Smith regard eudesmol as an oxide 
C,|,Hi„0, F. W. Semmler and E. Tobias*) have ascertained that 
it is in reality a bicyclic, unsaturated sesquiterpene alcohol. For 
its constants the following values have been recorded: m.p. 78 ; 
b. p. 156° (10 mm.); d.,„.0.9884; ■ |- 31° 2r(in 12 p. c. chloroform 

solution); n,,..,,, 1.516; mol. refr. computed for CuMjiiO/ 68.069, 
found 67.85. This molecular refraction reveals the presence of 
a double bond and two cycles in eudesmol. Upon acetylation 
it yields an acetate b.p. 165 to 170° (11 mm.) the physical con¬ 
stants of which likewise reveal its bicyclic nature and the presence 

') Research, p. 146. — )oum. and Proceed. Royal Soc. of N. S. W. 84 (1898), 
105; Report of Schimmel S Co. April 1H»»,23. See also Maiden, A critical 
revision of the genus Eucalyptus, vol. I. p. 225. 

•) Smith, loc. cit. 47. 

*) Research, p. 213. — )oum. and Proceed. Linnean Soc. of N.S. W. *1 
(1899), 86; Report of Schimmel Si Co. April HHK), 27. 

‘) Berl. Berithte 48 (1913), 2026. See also Semmler and Mayer, ihidem 
45 (1912), 1390. 
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of a double bond. Reduction in ethereal solution with hydrogen 
and platinum sponge yielded dihydroeudesmol, an alcohol that 
melted at 82"'; b.p. 155 to 160° (12.5 mm.); b.p. of the acetate 158 
to 164° (to mm.). Boiled with absolute formic acid, dihydroeudesmol 
yields dihydroeudesmene boiling between 126 and 130° (10 mm.). 
When eudesmol is boiled with 90 p.c. formic acid, it is dehydrated 
to eudesmene, b.p. 129 to 132° (10 mm.); dj„. 0.9204; +49°; 

n„.j,. 1.50738. The molecular refraction of eudesmene reveals the 
presence of 2 cycles and 2 double bonds. Hence it belongs to 
that group of sesquiterpenes which is derivable from reduced 
naphthalene, to which group cadinene, selinene, /sozingiberene. Sic. 
belong. When eudesmol is shaken with a solution of hydrogen 
chloride in glacial acetic acid, eudesmene dihydrochloride, m.p. 79 
to 80°, results, which is identical with the hydrogen chloride addition 
product of eudesmene. Eudesmene dihydrobromide melts at 104 
to 105°. Oxidation of eudesmol with ozone and with potassium 
permanganate gave no satisfactory results. 

Semmler and F. Risse*) report on another method for the 
preparation of eudesmene. The glacial acetic acid solution of 
eudesmol, 1 to 4, is saturated with hydrogen chloride. Upon 
evaporation of the glacial acetic acid in vacuum eudesmene 
hydrochloride remains. Boiled with alcoholic potassa the hydro¬ 
chloride yields eudesmene with the following properties: b.p. 122 
to 124° (7 mm.); d^g. 0.9196; [a]j,54°6'; Oj, 1.50874. Reduced 
with platinum hydrogen in glacial acetic acid solution eudesmene 
yields tetrahydroeudesmene, b. p. 122 to 122.5 ° (75 mm.); dj,. 0.8893; 
[4,+ 10° 12': n„ 1.48278. 

These same authors show that the reduction of eudesmol in 
glacial acetic acid solution by means of platinum-hydrogen takes 
a different course than the one in ethereal solution previously 
described, inasmuch as previous investigations have revealed 
the fact that the activity of the platinum is greatly impaired by 
impurities of the substance to be reduced, such as traces of 
resinous products, the eudesmol was purified of the last traces 
of resins by shaking its ethereal solution with alkali and recry¬ 
stallization from diluted alcohol to which a few drops of glacial 
acetic acid had been added. Eudesmol thus purified melted at 84°. 


<) Bert. Berichte 46 (1913), 2303. 
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Tetrahydroeudesmene (b.p. 116 to 117' (5.5 mm.); d,„, 0.8896; 
[«]„i-ir48'; Hj, 1.48425) again resulted as reduction product. 
Hence the reduction of eudesmol in glacial acetic acid resulted 
not only in the addition of hydrogen to the double bond but also 
in the replacement of the hydroxyl group by hydrogen, whereas the 
reduction previously described had resulted in a dihydroeudesmol. 

In its physical constants eudesmene shows some corre¬ 
spondence with those of selinene. For this reason eudesmene 
was ozonized in acetic acid solution, however, without positive 
results for the investigation did not succeed in isolating any 
characteristic “Abbau” products. 

The bactericidal action of eudesmol has been investigated 
by C. Hall*). It seems that, added to cineol or piperitonc, it 
increases the action of these substances. 

The cineol content of the eucalyptus oils varies with the 
maturity of the leaves when distilled. Smith also holds that 
the cineol content of eudesmol-containing oils increases with 
age provided atmospheric oxygen has access. He therefore 
assumes that eudesmol is an intermediate product in the for¬ 
mation of cineol. 

616. Oil of Eucalyptus capitellata. 

As ascertained by Baker and Smith*), brown stringy bark. 
Eucalyptus capitellata, Sm., a species that is distributed over 
New South Wales, South Australia and Victoria, yields only 
0.1 p.c. of oil. it consists of cineol, phellandrene, pinene and a 
sesquiterpene: d,,.0.9175; [«]„-H4.8'; n„j,. 1.4828'); S.V. 4.27; 
soluble in 10 vol. of 70 p.c. alcohol, soluble in an equal volume 
of 80 p.c. alcohol. 

617. Oil of Eucalyptus nigra. 

Black stringybark. Eucalyptus nigra, R. T. Baker, inhabits 
a large part of New South Wales. The oil yield is very small, 

’) On eucalyptus oils, especially in relation to their bactericidal ppwer. 
Parramatta 19(M; Report of Schimmel 6 Co. October 1#M, 37. 

•) )oum. and Proceed. Linnean Soc. of N. S. W. 82 (1898), 106; Report 
of. Schimmel & Co. April IMW, 24. — Research, p. 149. See also Maiden, 
A critical revision of the genus Eucalyptus, vol. i. p. 2)1. 

*) Smith, toe. cit. 47. 
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Baker and Smith’) obtained but 0,041 p.c. from the leaves. It 
was amber-yellow in color, contained not more than 5 p. c. 
of cineol and a large amount of phellandrene; dj5.0.8744: 
[«]„ —38.88"; n„„,l.487P); A.V.1.2; with 10 vol. of 80 p.c. 
alcohol it does not form a clear solution. 

618. Oil of Eucalyptus pilularis. 

Eucalyptus pilularis, Smith, or black butt, is one of the 
tall eucalypts. It is a native of the coastland as well as the 
plateaus of New South Wales and also occurs in Victoria and 
Queensland. Baker and Smith”) obtained 0.07 to 0.18 p.c. of 
a light amber-colored oil which contained much \-phellandrene, 
a sesquiterpene, traces of cineol and pinene, and probably a 
dextrorotatory alcohol. d,r,. 0.885 to 0.903; [«]„- -4.8 to -|-12.3°; 
n,n„,, 1.496P); for the most part soluble in 8 vol. of 80 p.c. alcohol, 
but occasionally does not form a clear solution with even 
10 volumes. 

619. Oil of Eucalyptus Planchoniana. 

Eucalyptus Planchoniana, F. v. M., one of the stringybarks, 
occurs in parts of New South Wales and Queensland. According 
to Staiger*) it yields 0.06 p.c. of oil with a density of 0.915. 
Baker and Smith”) obtained but 0.014 p.c. of oil which contained 
relatively much phellandrene and sesquiterpene. Cineol was 
not found. d,„,0.9039; n,>,„.. 1.4878*); A. V. 4.2; E. V. 2.9; 
insoluble in 10 vol. of 80 p.c. alcohol. 

620. Oil of Eucalyptus acmenoides. 

White mahogany or Eucalyptus acmenoides, Schau. (£. 
triant ha. Link*)) grows in Queensland and in the coastal regions 

’) Research, p. 150. 

•) Smith, toe. cit. 47. 

*) Research, p. 151. See also Maiden, A critical revision ol the genus 
Eucalyptus, vol. I. p. 26. 

’) Maiden, The useful native plants of Australia, p. 273. London and 
Sydney 1889. 

') Research, p. 153. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. I. p. 29t. 

") Malden, loc. cit. 263. 
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of New South Wales. Baker and Smith') distilled the oil with 
a yield of 0.09 p. c. It contained much aromadendrene (see 
p. 274), phellandrene, little cineo/ and possibly pinene. d,„,0.9252; 

^ A. V. 5.7; E. V. 2.9; soluble in an equal volume 

of 80 p.c. alcohol. 

621. Oil of Eucalyptus fraxinoides. 

Eucalyptus fraxinoides, Deane et Maiden, known in New 
South Wales as white ash, yields, according to Baker and 
Smith") 0.985 p.c. of oil which, even in the crude condition, is 
but slightly colored. It consists principally of phellandrene, but 
in addition it contains pinene, eudesmol, about 5 p.c. cineo! and 
possibly .some citral. d„.0.8687; [«]„-31.66°; n,„„„1.4908<); 
A. V. 1; E. V. 2.86; does not yield a clear solution with 10 vol. 
of 80 p.c. alcohol. 

622. Oil of Eucalyptus Fletcheri. 

Eucalyptus Fletcheri, R. T. Baker, lignum vitae, or box, is 
distributed over New South Wales. It yields 0.294 p. c. of oil 
in which, according to Baker and Smith") {-phellandrene and a 
sesquiterpene predominate. Other constituents’are cineo! (less 
than 5 p.c.), pinene and aromadendral. di„,0.8805 to 0.895; 
[o]„ -14.2 ; n„,„., 1.4881"); A. V. 1.1 to 2.3; E. V. 2.2 to 3.19; 
soluble in 2 vol. of 80 p.c. alcohol, but occasionally insoluble 
even in 10 vol. of 80 p.c. alcohol. 

623. Oil of Eucalyptus microtheca. 

Eucalyptus microtheca, F. v. M.") (E. brachypoda, Turcz. 
parti), known as coolybah or tangoon, inhabits a large part 
of the Australian continent. According to Baker and Smith’) 
the crude oil, obtained with a yield of 0.488 p.c., is a reddish 

') Research, p. 154, 246. 

’) Smith, loc. at. 47. 

") Research, p. 155. 

*) Smith, loc. cit 46. 

*) Research, p. 157. — Baker, Proceed. Linnean Soc. of M. S. W. 1900, 682; 
Report of Schimmel S Co. April 1902, 40. 

") Maiden, A critical revision of the genus Eucalyptus, vol. II. p. 51. 

’) Research, p. 158. 

Gildcmeister, The voutiee oils. 111. 
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liquid. It contains much phellandrene, a sesquiterpene, little 
pinene and a trace of cineo! (characterized by its iodol derivative), 
d,,..0.8855; [«]„—30.72°; nj,„J.4895‘); A.V. 1.34; E.V. 3; does 
not form a clear solution with 10 vol. of 80 p.c. alcohol. 

624. Oil of Eucalyptus haemastoma. 

Eucalyptus haemastoma, Sm. (E. signata, F. v. M.*)), white 
or scribbly gum, occurs over large areas in New South Wales, 
also in Tasmania, Victoria and Queensland. Baker and Smith*) 
obtained 0.28 p.c. of oil, which is said to contain much phel- 
landrenc, cineo! and very much aromadendrenc. d^. 0.9195; 
A.V. 1.9; E.V. 3.2; Uj,,,,, 1.50I3‘); with 10vol. of 80 p.c. alcohol 
it does not yield a clear solution. In 1888 Schimmel S Co.*) 
reported on an oil of E. hxmastoma, 1.8 to 1.9 p.c. of which 
had been obtained from fresh leaves. It had a peppermint-like 
odor which at the same time reminded of geranium and cumin, 
d 0.880 to 0.890; boiling temperature 170 to 250°. It contained 
cineol, terpenes and possibly cuminic aldehyde and menthone. 
These statements do not at all agree with those of Baker and 
Smith. Presumably the oil examined by the firm mentioned was 
obtained from another species, possibly from Eucalyptus Rossii^). 

From the oil of E. haemastoma, Baker and Smith*) obtained 
larger amounts of aromadendrene’’). Purified as carefully as 
possible by repeated distillation over sodium, the product boiled 
between 260 and 265°; di,. 0.9249. Its glacial acetic acid solution 
yields a rose-red color with phosphoric acid. This explains the 
red color frequently produced in the cineol assay according to 
the phosphoric acid method. Up to the present time aroma¬ 
dendrene has been characterized by color reactions only. Solid 

*) Smith, toe. cit. 47. 

') Maiden, A critical revision of the genus Eucalyptus, vol. i. p. 317. 

’) Research, p. 160. 

■*) Bericht von Schimmel 8( Co. April 18S8, 20. 

*) Research, p. 12, 229. 

*) )oum. and Proceed. Royal Soc. of M.S.W. 85 (1901), 124; Report of 
Schimmel ft Co. April 1902, 41. — Research, p. 246. 

’) The presence of aromadendrene in the turpentine oil of Pinus Lam- 
bertiana, Dougl. does not seem improbable. (A. W. Schorger, U. S. Dep. of 
Agricult Forest Serv. Bull. 119. Washington 1918; Report of Schimmel S Co. 
April 1918, 102.) 
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derivatives are unknown. According to Baker and Smith the 
color reaction produced by bromine may serve for the detection 
of aromadendrene. For this purpose a drop or two of aroma- 
dendrene are dissolved in 2 to 3 ccm. of glacial acetic acid 
contained in a test tube and bromine vapors are allowed to 
descend down the tube. Upon shaking, the solution assumes a 
carmine-red color. The color soon changes to violet and finally 
to indigo-blue. 

According to Semmler*) aromadendrene is possibly a mixture 
of bi- and tricyclic sesquiterpenes. The color reactions it has in 
common with several bicyclic sesquiterpenes, e.g. guajene. 

C. HalU) has examined aromadendrene pharmacologically 
and has found that it has fairly decided germicidal powers. 

625. Oil of Eucalyptus slderoxylon var. pallens. 

Eucalyptus slderoxylon, A. Cunn. var. pallens. Benth., or 
ironbark, grows only in the vicinity of Rylstone (M.S.W.), It 
yields 0.4 p.c. of a dark amber-colored oil which consists of 
phellandrene, pinene, cineol, and a sesquiterpene.' d, 5 . 0 . 9158 ; 
[“]d+ 13.9'’; n,„„. 1.4884*); A.V. 1.8; E.V. 4.6; soluble in an equal 
volume of 80 p.c. alcohol*). 

626. Oil of Eucalyptus crebra. 

As early as 1893 Schimmel ft Co.*) reported on the oil of 
Eucalyptus crebra, F. v. M., the narrow-leaved ironbark of New 
South Wales, Queensland and northern Australia. Later on 
the oil was investigated by Baker and Smith*), who obtained 
a yield of 0.16 p.c. it contained much phellandrene and cineol, 
also aromadendrene. dj 5 .0.8986; [«]„ —12.1'; n^j,. 1.4844*); 
A. V. 1.65; E.V. 4.6; it does not yield a clear solution with 10 vol. 
of 80 p.c. alcohol. 


*) Die Stherischen Oie, vol. II. p. 530. 

*) On eucalyptus oils, especially in relation to their bactericidal power. 
Parramatta 1904; Report of Schimmel 6 Co. October 1004, 37. 

*)■ Smith, loc. cit. 47. 

*) Research, p. 161. 

*) Report of Schimmel Si Co. April IM, 38. 

*) Research, p. 162, 246. — Maiden, A critical revision of the genus 
Eucalyptus, vol. II. p. 63. 
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For an oil, said to have been derived from Eucalyptus crebra 
of the Tengger mountains of )ava, Schimmel 8i Co.^) obtained 
the following constants: dj^.0.9036; —20^56'; with 5 to 6 vol. 

and more of 80 p. c. alcohol it yielded a turbid solution. In 
addition to little cineol, the oil contained phellandrene and cuminic 
aldehyde. 

627. Oil of Eucalyptus siderophloia. 

Eucalyptus siderophloia, Benth.-) inhabits the coast regions 
from Port jackson to Queensland and is known as broad-leaved 
or red ironbark. According to Baker and Smith*') it yields 
0.056 p. c. of oil, which in the crude condition is lemon-yellow. 
It contains much phellandrene, also pinene and cineol. dj^. 0.9067; 
[«]„+15.98'; n,„8., 1.5000*); S.V. 4; S.V. after acetylation 41.9; 
it does not yield a clear .solution with 10 vol. of 80 p. c. alcohol. 

628. 011 of Eucalyptus melanophloia. 

Eucalyptus melanophloia, F. v. M., which is distributed over 
parts of New South Wales and also occurs in Queensland, is 
commonly known as silver-leaved ironbark. In the oil, yield 
0.105 p.c.. Baker and Smith") found very much phellandrene, ses¬ 
quiterpene, cineol (iodol compound) and p-cymene (characterized 
by oxidation to terephthalic acid and p-toluic acid), d,5.0.8959; 
[«]o —26.23°; nui 5 .1.4950*); A.V. 0.9; E.V. 10.1; S.V. after 
acetylation 27.87; with 10 vol. of 80 p.c. alcohol it does not yield 
a clear solution. 

629. Oil of Eucalyptus phlebophylla. 

The oil of Eucalyptus phlebophylla, F. v. M., cabbage or 
weeping gum, was distilled by Baker and Smith") with a yield 
of about 1 p.c. d, 5 .0.8766 to 0.8925; «„-22.4 to —32.5°; 

*) Report of Schimmel a Co. April 19t)», 53. 

•) Maiden, A critical revision of the genus Eucalyptus, vol. I. p. 324. 

") Research, p. 163. 

*) Smith, toe. cit. 47. 

") Research, p. 164. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. II. p. 71. 

") A research on the eucaiypts of Tasmania, Hobart 1912, p. 27; Report 
of Schimmel a Co. October 1813, 57. 



Oil op Eucalyptus piperita. 


277 


n„,n. 1.4702; n„jg„ 1.4761; S. V. 3.2. The oil contains 50 to 60 p.c. 
\-a-pinene (nitrosochloride), 9 to 11 p.c. cineol, also phellandrene 
and oudGStno! and probably a s^spuiforpt^nt*. 

630. Oil of Eucalyptus regnans. 

Swamp gum, Eucalyptus regnans, F. v. M. (E. gigantea, 
Woo)f.. part), occurs in Tasmania. According to Baker and Smith') 
it yields 0.78 to 0.82 p.c. of oil; d„,0.8802 and 0.8878; «„■ 28.4 
and -31.1°; n„.,„. 1.4882 and 1.4901; S.V. 13.2 and 15.4; soluble 
in 5 vol. of 70 p. c. alcohol. Phellandrenc is the principal con¬ 
stituent. Eudesmol, geranyl acetate, piperitonc, a sesquiterpene 
and possibly traces of cineol arc likewise present. 

Group Via. 

Oils which consist principally of phellandrenc, cineol 
(up to 30 p.c.) and piperitpne. 

631. Oil of Eucalyptus piperita. 

The oil of the leaves o\ Eucalyptus piperita, Sm.(Metrosideros 
aromatica, Salisb.), a species indigenous to New South Wales, 
Queensland and Victoria, was known as early as 1788. It is 
mentioned on p. 266 of White’s )ournal of a voyage of New 
South Wales, where the following statement occurs: “The name 
peppermint tree'-) was given to this plant by White because of 
the great similarity of the oil of the leaves to that of the pepper¬ 
mint grown in England”. 

More recently the oil has been distilled by Baker and Smith"), 
the leaves and twigs yielding 0.78 p.c. It is of a yellow color 
and has a pronounced peppermint odor, which, however, becomes 
faint after the oil has stood several weeks. It is in this oil that 
Baker and Smith first found eudesmol. Other constituents are 

*) A research on the ^ucalypts of Tasmania, Hobart t9l2, p. 31; Report 
of Schimmel 81 Co. October 1913, 57. 

*) This tree has also been called Sydney peppermint in order to distinguish 
it from E. amygdalina, the white or brown peppermint tree. 

•) |oum. and Proceed. Royal Soc. of M. k W. 81 (1897), 195. — Research, 
p. 166. — See also Maiden, A critical revision of the genus Eucalyptus, vol. I. 
p. 299. 
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phellandmne, pinene, cineol and a sesquiterpene. According to 
Baker and Smith the constants of the oil are as follows: d^.O-QIll; 
[«]„ —2.97°; S. V. 11.0; it yields a clear solution with 1 vol. of 
80 p.c. alcohol; n„i„. 1.4838*), 

For an oil derived from Eucalyptus piperita Wilkinson*) 
gives d„. 0.9133; | 1.6". 

An oil prepared by Carthaus in the Tengger mountains, Java, 
from a species with long leaves (presumably E. piperita) had 
a golden-yellow color, its constants were determined by Schirnmel 
£( Co.”): d„,0.8974; —28“26'; with 8 vol. of.80 p.c. alcohol 

it yielded a turbid solution. It contained cuminic aldehyde and 
much phellandrene. Finally Baker and Smith*) observed in con¬ 
nection with an oil possibly‘obtained from a variety of E. piperita 
the following constants: djj,0.8785; —40.52°; S.V. 2.75; with 

10 vol. of 80 p.c. alcohol is did not yield a clear solution. 

632. Oil of Eucalyptus amygdalina. 

Origin. Known as messmate. Eucalyptus amygdalina, Labill.’'), 
which occurs in New South Wales, South Australia, Tasmania 
and Victoria, is one of the tallest of the eucalypts. According 
to F. v. Mueller it attains a hight of 400 ft. According to Baker 
and Smith the true E. amygdalina is found only in Tasmania. 
The E. amygdalina of the continent is to be regarded as E. a. 
var. Australiana, Baker et Smith. Their earlier opinion") that 
the amygdalina oil of commerce is obtained from E. amygdalina 
var. latifolia, Deane et Maiden, is thus altered. 

The leaves of E. amygdalina are richer in oil than those 
of any other species and yield up to 4.215 p.c. upon distillation. 
For a time large quantities were found in the market, but it 
has been replaced more and more by oils richer in cineol. 

’) Smith, toe. cit. 46. 

*) Proceed. Royal Soc. of Victoria 1S88, 198. 

') Report of Schirnmel Co. Aprii 1908, 52. 

*) |oum. and Proceed. Royal Soc. of tS. S.W. 81 (1897), 195.—Research, 
p. 166.—See also Maiden, A critical revision of the genus Eucalyptus, vol. I. 
p. 299. 

*) Maiden, A critical revision of the genus Eucalyptus, vol. I. p. 149. 
Maiden records 21 synonyms tor this tree. 

") Chemist and Druggist 64 (1899), 864. 
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More recently/ large amounts ol eucalyptus oil, more particularly 
of E. amygdalina, are finding use in the mining industry, 
especially in the production of zinc and lead sulphides. The 
washed or finely pulverized ores are mixed with an aqueous 
emulsion of eucalyptus oil. The oil takes up the fine particles 
of sulphide carrying them to the surface, at the same time 
taking along the particles of silver and gold contained in the 
ore. In. 1911 the Barrier mines alone consumed 10 tons of oil 
per month*). 

Properties. The oil is of a light yellow color or colorless 
and has a faint odor of peppermint. For the oil distilled on 
the continent (E. a. var. Australiana) Baker and Smith-) record 
the following constants: d,.. 0.9012 and 0,9026; [<(]„ —11.37 and 
-13.53; S.V. 3.76; S. V. after acetylation 22.4; cineol content 
22 and 32 p.c.; soluble in Vj-- vol. of 70 p.c. alcohol; n,,,,. 1.4760"). 
The higher the specific gravity and the lower the angle of 
rotation, the richer the oil is in cineol and the poorer in phel- 
landrene. The phellandrene reaction given below is characteristic 
for the oil. For Tasmanian oils Baker and Smith obtained the 
following constants: d,.. 0.8668 to 0.8848; ((,,—59.1 to — 75.r; 
n|,,„., 1.4761 to 1.4790; S.V. 2.9 to 3.2; soluble in 7 vol. of 70p.c. 
and in an equal vol. of 80 p.c. alcohol. Cineol content 12 to 
24 p.c. 

The amygdalina oil of commerce which, in all probability, 
is not a uniform product but a mixture of the distillates of 
several species, has a sp. gr. of 0.86 to 0.91 (15°) and is 
characterized, for the most part, by its incomplete solubility. 
Even of 90 p.c. alcohol several volumes are, as a rule, required 
for its solution which is not always clear. 

Composition. According to 0. Wallach and E. Gildemeister*), 
the commercial oil of Eucalyptus amygdalina consists principally 
of \-phellandrene. If to a solution of the oil in two volumes of 


*) G>mp. Report of Schimmel & Co. April 1911, 72; October 19X1, 49; 
April 1918, 79. 

*) Research, p. 168.—A research on the eucalypts of Tasmania, Hobart 
1912, pp. 62, 64; Report of Schimmel & Co. October 1918, 58. 

^ Smith, loc. c/t. 45. 

*) Liebie's Annalen 849 (1888), 278. 
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petroleum ether a concentrated aqueous solution of sodium 
nitrite and then acetic acid be added little by little, phellandrene 
nitrite is formed in such quantities that the entire liquid congeals 
to a pasty mass. 

It is noteworthy that the phellandrene is tevogyrate and 
that this optical modification was first observed in connection 
with this oil. 

Amygdalina oil contains but little cineol. Its detection 
cannot be accomplished by means of its hydrogen chloride 
addition product. The hydrogen bromide addition product, 
however, can readily be separated from the petroleum ether 
solution of the oil. 

As already stated Baker and Smith found up to 32 p.c. of 
cineol in the oil, also small amounts of phellandrene and pinene. 
Of eudvsmol, only traces could be detected. Methyl, ethyl, hohuty! 
and amyl alcohols were characterized by their oxidation to the 
corresponding acids or aldehydes, in the aqueous distillate they 
found acetic acid (barium salt)'). 

The Tasmanian oil from Eucalyptus amygdalina differs 
from the continental oil from E. a. var. Australiana by its lesser 
cineol content, its greater lajvorotation, its higher phellandrene 
content and its more sparing solubility in alcohol. Its odor is 
also less aromatic. 

633. Oil of Eucalyptus vitrea. 

White top messmate, the Eucalyptus vitrea, R. T. Baker, 
is, according to Maiden*), a hybrid of E. amygdalina and 
E. coriacea. It is indigenous to a large part of New South Wales 
and Victoria. Baker and Smith") obtained the oil with a yield of 
1.48 p.c. The crude oil, which is almost colorless, has a fairly 
pleasant peppermint odor. It contains much phellandrene, little 
cineol, a sesquiterpene, small amounts of piperitone and probably 
citraL d„. 0.886; [a]„ -33.92; n„i,. 1.4828*); A.V. 1.1; E.V. 4.3; 
with an equal volume of 80 p. c. alcohol it yields a clear solution. 

') Research, p. 232. 

’) A critical revision of the genus Eucalyptus, vot. I. p. 164. 

*) Proceed. Linnean Soc. of M. S. W. 1900, 303. —Research, p. 176; 
Report of Schimmel £| Co. October 1901, 28. 

‘) Smith, toe. cit. 46. 
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634. Oil of Eucalyptus Luehmanniana. 

Eucalyptus Luehmanniana, F. v. M. is a rare specifcs indi¬ 
genous to New South Wales. From its leaves Baker and Smith') 
obtained 0.289 p.c. of an amber-yellow oil with a peppermint¬ 
like odor. It contains much phellandrene, little cineol, piperitone 
and possibly c/tra/. d, 5 ,0.879; «„ -31.3"; n,„„, 1.4937'‘); E.V. 2.3; 
with 10 vol. of 80 p.c. alcohol it does not yield a clear solution. 

635. Oil of Eucalyptus campanulata. 

To this group there probably also belongs the oil described 
by Baker and Smith-*), which was obtained from Eucalyptus 
campanulata, Baker et Smith (bastard stringybark), a species 
that occurs in the northeastern part of New South Wales. The 
leaves yielded 0.851 p.c. of oil. The crude oil was light yellow 
in color; d,,. 0.8804; u,, - 25.8 ; n,,,, 1.4856; S. V. 7.6; scarcely 
soluble in 10 vol. of 80 p.c. alcohol. The principal constituent is 
phellandrene. It also contains cineol, piperitone and eudesmol. 

Group VI b. 

Oils which consist principally of phellandrene and 
piperitone and which contain very little or no cineol. 

636. Oil of Eucalyptus coriacea. 

One of the mountain species, Eucalyptus coriacea, A. Cunn. 
(£. paucillora, Sieb.) grows in a section of New South Wales, 
in Victoria, South Australia and Tasmania, where it is known 
as cabbage or white gum. Baker and Smith*) distilled the oil 
with a yield of 0.452 p.c. The light yellowish-brown crude oil 
has an odor of peppermint. It contains much phellandrene and 
sesquiterpene, a small amount of cineol, also pinene and 
piperitone. d,„. 0.8947; [a]j, —32.8"; nj,,,. 1.4902**); A. V. 1.68; 
E. V. 2.94; soluble in an equal volume of 80 p.c. alcohol. 

■) Research, p. 177.—See also Maiden, A critical revision of the genus 
Eucalyptus, vol. I. p. 287. 

•) Smith, toe. cit. 46. 

’) )oum. and Proceed. Royal Soc. of N. S. W. 45 (Idtl), 288; Report of 
Schimmel ft Co. October 1918, 63. 

*) Research, p. 179. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. I. p. 133. 
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Por an oil from Eucalyptus pauciHora, Sieb. Wilkinson*) 
gives the following constants; d 0.8943 to 0.920; [«]i,+6 to 
f \bJ\ 


.637. Oil of Eucalyptus Siebenana. 

Eucalyptus Siebenana, F. v. M.'*) (mountain ash) is a native 
of Mew South Wales, South Australia, Victoria and Tasmania. 

Its oil was distilled by Baker and Smith’) with a yield of 
0.494 p.c. It is almost colorless and has an odor of peppermint. 

It consists for the most part of phellandrene and piperitone. 
d|j. 0.88; [«Jj, — 48.8^; A. V. 0.65; E. V. 1.85; it does not yield 
a clear solution with 10 vol. of 80 p.c. alcohol. 

In connection with an oil obtained from Sydney, Schimmel S Co. 
ascertained, the following properties; d,s. 0.9087; 19''36'; 

n,„„„ 1.4886*); not soluble in 10 vol. of 80 p.c. alcohol, soluble 
in 0.5 vol. of 90 p.c. alcohol, the solution becomes turbid upon 
the addition of 1.5 vol. and more. The oil reveals a decided | 
phellandrene reaction. 

638. Oil of Eucalyptus oreades. 

Likewise known as mountain ash. Eucalyptus oreades, R. T. 
Baker (f. virgata, Sieb. var. altior, H. D. et ). H. M.), occurs in 
parts of New South Wales. Its oil (yield 1.16 p.c.) was described % 
by Baker and Smith') as an almost colorless liquid, with a " 
peppermint odor, containing much phellandrene and small amounts 
of piperitone and eudesmol. di^. 0.8869; [«]„ 25.6'’; Oj,,,, 1.4945 *); 

A. V. 8.12; with an equal volume of 80 p.c. alcohol it forms a 
clear solution. 


639. Oil of Eucalyptus dives. 

Eucalyptus dives, Schau.“) is known as peppermint or 
broad-leaved peppermint. It occurs in Victoria and New South 


') loc. c/r. p. 148. 

“) Maiden, toe. cit. 306. 

“) Research, p. 180. 

*) Smith, toe. cit. 46. 

*) Research, p. 181, — Proceed. Unnean Soc. of M. S. W. 1»9», 596; Report 
of Schimmel h Co. October 1900, 32. 

') Maiden, A critical revision of the genus Eucalyptus, vol. I. p. 190. 
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Wales. By v. Muller this species was regarded as synonymous 
with E. amygdalina. According to Baker and Smith') it was 
because of this confusion that E. amygdalina acquired the 
reputation of yielding poor oil and wood. The oil is distilled 
with a yield of 1.962 to 2.89 p. c. It is an almost colorless 
liquid, the principal constituent of which is phellandrene. It 
also contains piperitone. d, 5 .0.882 to 0.8887; [«]„ 62.68 to 

72.45°; n„„.1.4894'*); S.V.0.29; E.V.2.61; it is mostly soluble 
in 1 vol. of 80 p.c. alcohol, at times, however, it requires as 
much as 10 vol. for solution. 

This oil, like many eucalyptus oils rich in phellandrene, 
contains a ketone C,„H„0 for which Baker and Smith have 
suggested the name piperitone. In the pure state it has an 
intense odor of peppermint and imparts to many eucalyptus 
oils a peppermint-like odor. This explains why in Australia so 
many eucalypts are called peppermint. This substance can 
be separated from fractions boiling between 227 and 240° by 
shaking with bisulphite solution. It should be remembered, 
however, that piperitone reacts very slowly with bisulphite and 
that the shaking must be continued for some time. Piperitone 
boils between 224 and 225°; d,,. 0.9393. Reduced with sodium 
and alcohol it yields a substance that melts at 155 to 156°, 
possibly an alcohol C|„H,sO, which probably occurs in small 
amounts in the oil. 

Pharmacologically the oil has been examined by 'C. HalT'). 
It appears to possess strongly antiseptic properties. 

640. on of Eucalyptus radiata. 

Eucalyptus radiata, Sieb. (white-top peppermint, river white 
gum) occurs in most regions of New South Wales. It is 
frequently confounded with E. amygdalina. Baker and Smith ^) 
obtained the oil with a yield of 1.22 to 1.88 p.c. The crude 
product is almost colorless and has an odor of peppermint. 

‘) Research, p. 183. 

*> Smith, toe. cit. 46. 

^ On eucalyptus oils, especially in relation to their bactericidal power. 
'Parramatta 1904; Report of Schimmel Si Co. October IWM, 37. 

*) Research, p. 185. 
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It consists very largely of phellandrene, also contains pinenv, 
dneol and piper/tone, d,,, 0.8695 to 0,8747; [«]j, — 74.48 to 
89.4 ': n,„„ I.4863>); A. V. 0.49; E. V, 28 and 3.88. 

641. Oil of Eucalyptus Oelegatensis. 

White ash, silver-topped mountain ash, and gum-topped 
stringybark are common names applied to Eucalyptus Dele- 
gatensis, R. T. Maker (E. gigantea, Hook. f. part.). It inhabits 
the mountains of New South Wales and Victoria. According to 
Baker and Smith'*), the oil (yield 1.3 to 1.9 p.c.) is a colorless 
liquid, of which phellandrene is the principal constituent. In 
addition it contains pipentone and a sesquiterpene but probably 
nocineol. d,, 0.8595to0.8664; ((,, — 47.4 to-58.6"; n„„,!.4881 >); 
S. V. 3.1 and 3.5; not soluble in 10 vol. of 80 p.c. alcohol. 

642. Oil of Eucalyptus obliqua. 

Eucalyptus obliqua, L’H^rit. {E. gigantea, Hook, f.'*); E. lalci- 
tolia, Miq.: E. nervosa, P. v. M.)^) is one of the stringybarks and 
is distributed over the western part of Australia. Its oil was 
distilled by Baker and Smith■■*) with a yield of 0.66 to 0.77 p.c. 
Phellandrene is said to be the principal constituent; in addition 
it contains aroniadendra! and traces of cineol. d,„. 0.8836 to 
0.8902; a„ -24.2 and —28.8°; n,„„. 1.4934“); S.V. 7.2 and 8.1; 
with 1 to 3 vol, of 80 p. c. alcohol it yields a clear solution. 

An oil prepared in Portugal had the specific gravity 0.914; 
«„ -7'28': soluble in the equal volume of 90 p.c. alcohol. It 
contained cineol and phellandrene. 

’) Smith, toe. cit. 46. 

') Research, p. 186. —Proceed. Linnean Soc. of N. S. W. 190«, 305; Report 
of Schimmel S Co. October lltOt, 28. — A research on the Eucalypts of Tas¬ 
mania, Hobart 1012, p. 45; Report of Schimmel 8| Co. October 1918, 58. 

“) According to Maiden, A critical revision of the genus Eucalyptus, 
vol. II. p, 291, E. gigantea is a good species but has frequently been con¬ 
founded with £ obliqua. 

*) Maiden, A critical revision of the genus Eucalyptus, vol. 1. p. 51. 

■'•) Research, p. 188. — A research on the Eucalypts of Tasmania, Hobart 
1912, p. 50. See also Maiden, The useful native plants of Australia, p. 272. 
London and Sydney 1889. 

") Report of Schimmel Si Co. October 1898. 26. 
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643. Oil of Eucalyptus gomphocephala. 

Eucalyptusgomphocephala, D.C.'), a West Australian species, 
is called touart or tooart by the natives. The oil, which was 
obtained with a yield of 0.031 p. c., has been reported on by 
Baker and Smith'*). In the crude state it is a reddish liquid, 
with an unpleasant rancid odor, consisting principally of terpcnes, 
of which pheUandrene is the principal representative. Cineol 
could not be found, d,,.0.8759; nj, 1.4815; E.V. 25.74; with 10 vol. 
of 80 p. c. alcohol it does not yield a clear solution. 


644. Oil of Eucalyptus Andrews!. 

Formerly Eucalyptus Andrews!, |. H. Maiden was regarded 
as a variety (Oxleyensis) of E. Sieberiana, but has been recog¬ 
nized as a separate species by Maiden-'). The oil yield from 
leaves collected, according to Baker and Smith*), in the north¬ 
eastern part of New South Wales was 1.27 p. c. d^. 0.8646, 
n,„jJ.4854; E.V. 4.3; insoluble in 10 vol. of 80p.c. 
alcohol. The lemon-yellow crude oil consists mainly of l-/)/»e/- 
landrenc (m. p. of nitrite 105" and 112 to 113”), piporitone and 
a sesquiterpene. Pinene appears to be absent and the presence 
of cineol could scarcely be detected. 

645. Oil of Eucalyptus taeniola. 

To this group there possibly also belongs the oil of Eucalyptus 
taeniola, Baker et Smith"). The yield amounts to 0.66 p.c. It 
contains 7 p. c. cineol (resorcinol method), much pheUandrene, 
also eudesmol, a sesquiterpene and piperitone. dj^. 0.8864; 
«j, - 27.6”; n,„;. 1.4872; S.V. 3.2; soluble in 5vol. of 80p.c. alcohol. 


‘) Maiden, A critical revision of the genus Eucalyptus, vol. III. p. 19. 

®) Pharmaceutical )ourn. 75 (1905), 384. 

“) A critical revision of the genus Eucalyptus, vol. 1. p. 195. 

*) journ. and Proceed. Royal Soc. of N. S. W. 45 (1911), 273; Report of 
Schimmel 5 Co. October 1912, 63. 

‘) A research on the Eucalypts of Tasmania, Hobart 1912; p. 60; Report 
of Schimmel S Co. October 191S, 58. 
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Group VII. 

This group comprises all oils that could not be 
classified with the other groups. 

646. Oil of Eucalyptus stellulata. 

Eucalyptus stellulata, Sieb.') (lead gum, black Sally) grows 
in New South Wales and Victoria. It yields 0.293 p. c. of an 
amber-yellow oil to which Baker and Smithassign the following 
properties: d„,„0.871; [«]„ —26.1"; n|jj„. 1.4902“); soluble in 10 vol. 
of 80 p. c. alcohol. It contains phellandrene, sesquiterpene and 
traces of cineoL 

647. Oil of Eucalyptus Macarthuri. 

In the moist regions of New South Wales there grows 
Eucalyptus Macarthuri, Deane et Maiden, known as Paddy’s 
river box and Camden woolly-butt. The oil, yield 0.112 p. c., was 
first described by Baker and Smith*). Its principal constituent 
is geranyl acetate. Furthermore it contains eudesmol, possibly 
pinene and free geraniol (characterized by its oxidation to citral). 
Baker and Smith record the following properties: d,5.0.9218 to 
0.9245; [«]„-+ 1.2 to -f 3.89°; Oj,,,. 1.4793»); E.V. 171.3 to 214 
(= 60 to 75 p. c. of geranyl acetate); soluble in 1' Ai vol. of 70 p. c. 
alcohol. For the crude oil Schimmel § Co.") report the following 
properties: d,,.0.9225; «„+1°15'; S.V. 204.8 (=-71.68 p. c. of 
geranyl acetate); E.V. after acetylation 240 (=r-80.5p.c. C,„Hi„0). 
For the rectified oil: d,j,0.9175; «i,0°2r; S.V. 211.3 (= 73.95p.c. 
geranyl acetate); E.V. after acetylation 244.2 (=82.2 p.c. C,„lij80). 
The rectified oil was of a dark lemon-yellow color and yielded 
a clear solution with 4 vol. and more of 70 p. c. alcohol. During 
the process of rectification the bulk of the odorless eudesmol 

') Maiden, A critical revision, of the genus Eucalyptus, vol. I. p. 127. 

*) Research, p. 190. 

“) Smith, loc. cit. 47. 

*) Research, p. 191,212,234.—)oum. and Proceed. Royal Soc. of N. S.W.84 
(1900), 142; Report of Schimmel S Co. April 1901, 34. 

•') Report of Schimmel £i Co. April 1908, 38. 
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remains behind. Schimmel 8| Co.*) also demonstrated the presence 
of geraniol by its oxidation to citral. 

648. Oil of Eucalyptus aggregata. 

Black gum, Eucalyptus aggregata, Deane ct Maiden, grows 
in the swampy regions of New South Wales. Baker and Smith**) 
distilled the oil with a yield of 0.04 p. c. and described it as a 
light orange-brown liquid possessing the following properties: 
d,,.0.956; [«]„-f 27.13°; n,,,,,. 1.5062*'); E.V. 112.2; it does not 
yield a clear solution with 10 vol. of 80 p.c. alcohol. It contained 
relatively much d-a-pinene (characterized by its nitrosochloride), 
no phellandrene or cineol, but eudesmic acid amyl ester as 
principal constituent. Free eudesmic acid (from Eudesmia as 
Robert Brown had named the genus Eucalyptus) constitutes white, 
rhombic prisms, which melt at 160°. It is an unsaturated mono¬ 
basic acid of the formula CjjHigO., and yields a dibromide which 
melts at 102 to 103°. Nothing is known as to its chemical nature; 
it may belong to the cinnamic acid group. The amyl alcohol 
was characterized by its oxidation to valeric acid. Eudesmic 
acid amyl ester appears to be present in numerous eucalyptus 
oils. The amyl alcohol found by Bouchardat and Oliviero in the 
oil of E. Globulus presumably owes its origin to the decomposition 
of this ester. 

649. Oil of Eucalyptus virgata. 

The oil of Eucalyptus virgata, Sieb., ironbark, is one of the 
most peculiar eucalyptus oils. It contains so much eudesmol 
that it frequently congeals in the condenser while being distilled*). 
In addition it contains an appreciable amount of \-phellandrene 
and about 21 p.c. of cineol (resorcinol method), dj,,0.8883 and 
0.9154; «j,-20.9 and -35.8°; np,„. 1.5015’); S.V.3.3and 5.76; 
with 1 to 3 vol. of 80 p. c. alcohol it yields a clear solution. 
The yield amounts to about 0.79 p. c. 

*) Report of Schimmel 6 Co. April 1901, 34. 

*) Research, p. 193, 225. — )ourn. and Proceed. Royal Soc. of N. S. W. 84 
(1900), 72; Report of Schimmel S Co. April 1901, 33. 

•) Smith, toe. cit. 47. 

*) Research, p. 194, 212. — A research on the Eucalypts of Tasmania, 
Hobart 1912, p. 56. — See also Maiden, A critical revision of the genus eucalyp¬ 
tus, vol. I. p. 273. 
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650. Oil of Eucalyptus patentinefvis. 

Bastard mahogany, Eucalyptus patentinervis, R. T, Baker, 
occurs in New South Wales. Baker and Smith obtained the 
oil with a yield of 0.254 p. c. It contains citra! (characterized 
by its naphthocinchoninic acid), a sesquiterpene, and possibly 
limonenc. d.,. 0.8735; [«J„ 17.4”; ni,„. 1.49482); A. V. 2.46; 

E. V. 3.74; S. V. after acetylation 63.3; it does not yield a clear 
solution with 10 vol. of 80 p.c. alcohol. 

651. Oil of Eucalyptus apiculata. 

One of the shrubby eucalypts of New South Wales is 
Eucalyptus apiculata, Baker et Smith. The leaf oil was distilled 
by Baker and Smith“) with a yield of 0.65 p.c., which in the crude 
condition is of an orange-brown color. It consisted of pinene, 
piperitone, and a small amount of cineol. d,^, 0.9056 and 0.9112; 
[«]„ 8.56 and -9.27°; n„,„. 1.49342); S. V. 8.7 and 10.05; 

E. V. after acetylation 39.74; it yields a clear solution with an 
equal volume of 80 p.c. alcohol. 

652. Oil of Eucalyptus citriodora. 

Formerly Eucalyptus citriodora. Hook, was regarded as a 
variety of Eucalyptus maculata, however, according to Baker 
and Smith*) it is a distinct species. The tree, which is indi¬ 
genous to Queensland, prefers a rocky soil. It has been culti¬ 
vated with success in Zanzibar and along the Magdalen river’'). 

The oil, which is characterized by its agreeable citronella- 
like odor, is used extensively in perfumery. According to Baker 
and Smith it is obtained with a yield of 0.586 p.c. The crude 
oil had the following constants: d 0.864; [«];, —1.15°; n^,,,. 1.4651 
to 1.4678*); S. V. 7.5; soluble in 1.5 vol. of 70 p.c. alcohol. 
For commercial oils Schimmel 8( Co\) recorded the following 

*) Research, p. 19b. 

2) Smith, loc. cit. 4b. 

*) Research, p. 198. See also Maiden, A critical revision of the genus 
Eucalyptus, vol. I. p. 285. 

*) Research, p. 199. 

*) V. Muller, Select extra-tropical plants, IX. ed. Melbourne 1895, p. 187. 

“) Smith, loc. cit. 47. 

’) Report of Schimmel S Co. April IflOf, 35; October 1907, 51. 
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data; d, 5 ,0.870 to 0.905; «„ inactive or slightly dextrogyrate, to 
■i 2 *); Ojuj. 1.454 to 1.461; soluble in 1 to 1.5 vol. and more 
of 80 p.c. alcohol, occasionally with slight opalescence. Some 
oils are soluble in 4 to 6 vol. of 70 p.c. alcohol. An East Indian 
product^) possessed very similar properties: dj^. 0 . 8686 ; «„+ 0 ‘’ 20 '; 
soluble in 5 vol. and more of 70 p.c. alcohol. Citronellal is the 
principal constituent. It also contains small amounts of pinene, 
but neither phellandrene nor cineol. Baker and Smith found 
91 p.c. of citronellal. After acetylation for one hour, Schimmel 
S Co. found 80 to 92 p.c.; acetylation for two hours") yielded 
up to 98.5 p.c. of acetylizable constituents. 

In the Imperial Institute of London*) the following constants • 
were ascertained in connection with two samples of Eucalyptus 
citriodora oils from Mauritius: d,,,. 0.877 and 0.879; 0 ° 4 ' 

and 4-ri6'; soluble in 3 and 2.6 vol. of 70 p.c. alcohol. The 
assay of acetylizable constituents yieldbd 81.1 and 87.1 p.c. 
Both oils had a strong odor of citronellal. 

653. Oil of Eucalyptus marginata. 

From the young leaves of jarrah, by which name Eucalyptus 
marginata, Sm. is known in southwestern Australia, Baker and 
Smith") obtained 0.20 p.c. of oil, and from the older leaves 
0.24 p.c. The former revealed the following properties: d,,.0.8889; 
t<„ 10.4"; no,„. 1.4946; the latter d„,. 0.9117; 8.5"; n,,,,.1,4946; 

soluble in 1 to 5 vol. of 80 p.c. alcohol, Phellandrene was not 
found. Pinene and cineo! were present in small amounts. In 
addition the oil contained cymene, a sesquiterpene and aroma- 
dendral, which was characterized by means of its oxime. The 
high boiling constituents of the oil revealed a blue color. 

654. Oil of Eucalyptus salubris. 

Gimlet gum, Eucalyptus salubris, F. v. M., is one of the 
most stately of forest trees in western Australia. Baker and 

') An oil obtained by the firm via London (Report of Schimmel Co. 
April 1901,35) was noteworthy becau.sc of its strong laevorotation, ud—15'’52'. 

’) Report of Schimmel & Co. October 1907, 51. 

•) Comp. vol. I. p. 579. 

*) Bull. Imp. Fnst. 11 (1913), 48. 

") Pharmaceutical )oum. 7u (1905), 383. 

Gu-DeMEisTEii, The voeatile oils. ill. 
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Smith*) distilled its oil with a yield of 1.391 p.c. It possessed 
a strong odor of aromadendral. d,j.0.902; ((,, — 5.8°; n]„„J.4841; 
S. V. 18.88; in 10 vol. of 70 p.c. the oil was insoluble, but it 
dissolved in 1 vol. of 80 p.c. alcohol, it is fairly rich in high 
boiling constituents, only 66 p.c. distilling over below 183°. The 
fraction distilling above 214 was rich in aromadendral. Other 
constituents found in the oil are d.-pinene, cymene, eucalyptol 
(about 10 p.c.) and esters, presumably geranyl acetate for the 
most part. Its Isevorotation the oil owes to the presence of 
aromadendral. 

655. Oil of Eucalyptus Staigeriana. 

The leaves of the lemon-scented iron bark. Eucalyptus 
Staigeriana, F. v. M. contain from 2.75 to 3.36 p. c. of an oil 
with a pleasant odor of lemon and verbena, for which Schim- 
mel fit Co.**) record a density of from 0.880 to 0.901. Baker 
and Smith’) record the following properties for the crude oil, 
which they distilled with a yield of 2.5 p.c.; d,„.0.8708; a„ —43.1°; 
n,„„. 1.4871; insoluble in 6 vol. of 80 p.c. alcohol. The oil contains 
about 60 p.c. l-limonene (m. p. of tetrabromide 104 to 105°), 
13 p.c. geraniol (?), 8 p.c. geranyl acetate)?) and 16 p.c. citral. 

656. Oil of Eucalyptus Thozetiana. 

According to Baker*) the Lignum vitae, Eucalyptus Thoze¬ 
tiana, F. V. M. affords but an exceedingly small yield of oil 
The very mobile product (du. 0.9257; nj,„. 1.5026) probablj 
consists for the most part of saponifiable products. 

657. Oil of Eucalyptus odorata. 

Eucalyptus odorata, Behr (box-tree, peppermint gum-tree 
is a tree distributed over South Australia, Victoria and New 
South Wales. According to Maiden*) the fresh leaves yielc 

*) Pharmaceutical )ourn. 75 (1905), 358. 

•) Bericht von Schimmel 8i Co. April 1SS8, 20. 

*) Pharmaceutical )ourn. J« (1906), 571. Comp. Maiden, A critical revisioi 
of the genus Eucalyptus, vol. II. p. 69. 

*) Proceed. Linnean Soc. of N. S. W. 190«, 305; Report of Schimmel 6 Co 
April 1907, 52. 

*) The useful native plants of Australia, p. 272. 
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1.4 p.c. of oil. According to Baker and Smith*) the yield is 
not so high. 

Properties, d 0.899 to 0.922; b. p. 157 to 199" (Maiden /oc. 
c/r.); d 0.9042; [«]„-|-2.43"; S. V. 3.41; soluble in an equal 
volume of 80 p.c. alcohol (Baker and Smith); n,„„. 1.4775'^); 
d,„..0.903 (crude oil) and d, 5 .0.909 (rectified oil)®). 

Composition. Frequently the oil is so rich in cineo! 
(identified by means of its hydrogen bromide addition product), 
that it congeals to a solid mass in a freezing mixture. From 
the rectification residue Schimmel fi) Co.®) isolated large amounts 
of cuminic aldehyde by means of its bisulphite compound. For 
purpose of identification it was oxidized to cuminic acid. 
According to Baker and Smith (loc. cit.) this was not cuminic 
aldehyde but aromadendral. However, Schimmel b, Co. have 
proven by later investigations that cuminic aldehyde occurs 
in eucalyptus oils. (See oil of Eucalyptus hemiphloia, p. 265.) 
it is probable, therefore, that in addition to the cuminic 
aldehyde, the presence of which has been definitely established, 
aromadendral, which has a similar odor, is likewise present. 
A-Pinene is also a constituent of the oil. In commercial oils 
Schimmel b Co. occasionally observed decided reactions for 
phellandrene. 

658. Oil of Eucalyptus Baileyana. 

Another stringybark. Eucalyptus Baileyana, F. v. M.*) occurs 
in New South Wales and Queensland. Upon distillation the fresh 
leaves yield 0.9 p.c. of oil; b. p. 160 to 185°; d 0.940. It contains 
about 30 p.c. cineol. 

659. Oil of Eucalyptus Loxophleba. 

On account of its frequent occurrence in the vicinity of York, 
Eucalyptus Loxophleba, Benth.®) is popularly known as York 

*) Research, p. 211. 

*) Smith, toe. cit. 45. 

'*) Bericht von Schimmel S Co. April 1S89, 19. 

*) Maiden, The useful native plants of Australia, p. 266; Bericht von 
Schimmel S Co. April ISSS, 19. — See also Research, p. 202. 

*) E. |. Parry, Pharmaceutical )ourn. 61 (1898), 198. The paper gives 
Toxophleba instead of Loxophleba. 
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gum. This oil has an exceedingly disagreeable odor and irritates 
the mucous membranes causing coughing, d,,).,. 0.8828; abt. 
+ 5'. It contains phellandrene and cineol. The amount of the 
latter is estimated at about 15 to 20 p.c. When shaken with 
bisulphite the oil lost 20 p. c. of its volume, thus indicating 
considerable amounts of aldehydes and ketones. Amyl alcohol, 
small amounts of which are present in the oil of Eucalyptus 
Globulus, and to which its irritating action is due in part, is 
not present. 


660. Oil of Angophora lanceolata. 

From the leaves of Angophora lanceolata, Car. (family 
Myrtaceae) Baker and Smith') obtained 0.09 p.c. of oil in which 
they proved the presence of aromadendrene by means of the 
color reaction with bromine. 

661. Oil of Leptospermum scoparium. 

The oil of Leptospermum scoparium, Forst. (family Myrtaccae), 
known as manuka by the natives of New Zealand, is described 
by C. E. Atkinson") as a brown liquid of an aromatic odor and 
an astringent taste, dj,.0.916; congealing point —17°. It boils 
between 223 and 280°, for the most part about 260'. 

662. Oil of Leptospermum Liversidgei. 

The oil of Leptospermum Liversidgei, Baker et Smith has 
been distilled by Baker and Smith"). The crude oil was insoluble 
in 10 vol. of 70 p. c. alcohol, soluble in 1 vol. of 80 p. c. alcohol; 
di,.0.8895; Oj,-f-9.2°; n^,,. 1.4903. At 170° 20 p.c. of the oil 
distilled over (d,,. 0.8624; «j,+ 32.5°; nj,,,. 1.4774), between 195 
and 225° 30 p. c. (dj,.0,8892; Kj, + 5.7°; n„„. 1.4892). The principal 
constituents are citra! (35.0 p.c.; m. p. of naphthocinchoninic acid 
199°), geraniol (9.74 p. c.), geranyl acetate (5.35 p. c.) and A-pinene 
(25 p. c.; m. p. of nitrosochloride 103°), a sesquiterpene (24.91 p. c.; 
d„.0.W24; nj)„. 1.5052). Limonene and phellandrene were not found. 


*) Research, p. 248, 274. 

‘) Pharmaceutical )ourn. 8* (1902), 369. 

") journ. and Proceed. Royal Roc. of M. S. W. 39 (1905), 124; Report of 
Schimmel S Co, October 1908, 45. 
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663. Cajuput Oil. 

Oleum Cajeputi. — Cajeputiil. - Essence de Gajeput. 

Origin and Production. Cajuput oil is distilled from the fresh 
leaves and twigs of several species qf Melaleuca, family Myrtacex, 
more particularly those of M. l^ucadendron, L. and the variety 
known as M. minor (M. Cajeputi, Roxb., M. viridiflora, Gaertn.) 
These trees which attain a height of 15 m. are indigenous to 
Farther India, the islands of the Indian Ocean, northern Australia, 
Queensland and New South Wales. 



Fig. 22. Distillation of cajuput oil in Ceram (Moluccas). 

In some of the Moluccas, cajuput oil is distilled in a primitive 
way by the natives. According to C. G. C. Reinwardt*) the oil 
was formerly distilled only in the island of Buru. In 1821 there 
were but three stills in the island, in 1855 there were as many 
as 50. More recently this industry has developed in Ceram. 
Martin®), who on his trip to the Moluccas during 1891 and 1892 


*) Relnwardt's Re/s near het oosteli/k gedeelte van den Indischen 
Axhipel in bet /aar 1821. Amsterdam 18M, p. 473. 

•) K. Martin, Reisen in den Molukken. Leiden 1894, p. 259. 
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visited Ceram and Burn described the method of production 
which is illustrated by the accompanying cut: — 

"On a fireplace of crude masonry there stands a barrel one 
meter in height (fig. 22a) which serves as still. Into it are pressed 
the leaves of the Melaleuca and the barrel is then half filled with 
water. The helmet (b), which the distillers obtain from Ambon 
or )ava, is placed on top and the beak ends in a second, some¬ 
what larger barrel (c) which serves as a cooler. The latter is 
supplied with water from the slope of a neighboring hill by means 
of a bamboo tube (d). The volatile oil of the plant passes over 
with the water vapor and separates upon cooling. Both oil and 
water flow into a funnel made of a cocoanut shell and thence 
into a bottle. Quadrangular brandy bottles, such as one meets 
everywhere in the East Indies are commonly used. At the base 
this bottle is provided with a small opening and is placed in a 
tub (e) so that at the beginning of the operation it is filled with 
water. The products of distillation, however, gradually displace 
the water in the flask, and the water that comes over with the 
oil likewise flows out of the opening at the bottom until the flask 
is completely filled with oil. This is then removed, the opening 
at the bottom being closed with the finger. With such an 
equipment the daily output amounts to about l‘/i liters. As is 
well-known the light blueish-green liquid is esteemed in Europe 
as volatile irritant, in Buru it is used as domestic remedy for 
all imaginable ailments.” 

This oil is transferred to empty wine and beer bottles, 25 
of which are packed into a case made from the leaf stalks of 
the sago palm‘) (Metroxylon). The exhausted cajuput leaves 
are used as packing. The principal point of collection for cajuput 
oil is Macassar in Celebes. 

Production and Commerce. According to the statistics of 
this port®), the total export of cajuput oil from Macassar was 
as follows: ~ 

‘) An illustration of such an original package may be found in Tschirch’.s 
tndische He/t- und Nutzpfliutzen. Berlin 1802. Plate 75 a. p. 127. 

•) in recent years the official lists of exports from Macassar no longer 
enumerate cajuput oil. The figures for 1911 and 1912 are taken from the 
Report of the British Vice-Consul. Report of Schimmel 8i Co. April 1908, 19; 
October 1010, 23; October 1911, 24; October 1018, 29. 
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1905 . . 3935 baskets’) 1909 . . 1488 baskets 

1906 . . 3713 „ 1910 . . 1739‘ „ 

1907 . . 3695 1911 . . 2007 

1908 . . 2950 „ 1912 . . 2579 „ , 

Statistics do not include the amounts of cajuput oil shipped 

directly from Buru island to Europe, mostly in iron drums. 

Formerly the bulk of this oil was shipped via Java and 
Singapore to British India and only small amounts reached the 
European market via Amsterdam, Hamburg and London. More 
recently most of the oil has been shipped to the United States 
where it does not appear to have lost any of its former popularity. 

Properties. Crude cajuput oil ^is colored green to blueish- 
green by copper, whereas the rectified oil is colorless or yellowish. 
It has the agreeable, camphor-like odor of cineol and an aromatic, 
somewhat burning, and afterward cooling, taste. d„,,0.919 to0.930; 
ct„ slightly laivogyrate to -3° 40'; n„5„.1.466 to 1.471. Soluble 
in 1 volume and more of 80 p. c. alcohol, occasionally soluble in 
2.5 to 3 vol. of 70 p. c. alcohol. 

In a freezing bath of solid carbon dioxide and ether this oil 
congeals to a solid mass. The copper can be removed from the 
oil by shaking it with a concentrated aqueous solution of tartaric 
acid but not with water. H. C. Prinsen-Geerligs^) attributes this 
behavior to the presence of small amounts of butyric and valeric 
acids, free and as esters, which hold the copper in solution. As 
shown by its spectroscopic behavior, the crude oil contains chloro- 
phyllane^), oxidized chlorophyll, in addition to copper. 

In addition cajuput oil occasionally contains a high-boiling 
blue fraction. 

Adulteration of cajuput oil with cocoanut oiH), petroleum*)-') 
and eucalyptus oil-’)'') has been observed. 


*) A basket contains 25 bottles, of abont 600 g. net weight — abt. 15 kg. 
Baskets with a net weight of 30 kg. occur but they receive no special consideration 
in the statistics. Report of Schimmel S Co. April 1911, 25. 

*) Chem. Weekblad 1 (1904), 93t; Chem. Zentralbl. 1905, I. %. 

“) W. A. Tichomirov, Pharm. Zeitschr. f. Russl. 27 (1888), 548; lahresb. I, 
Pharm. 1888, 317. 

*) A. G. Vorderman, Rev. intern, falsific. 12 (1899), 146; Chem. Zentralbl. 
1899, II. 970. 

') |. C. Umney, Chemist and Druggist 08 (1903), 725. 

•) E.). Parry, ibidem 783. 
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Composition. The earliest chemical investigations of cajuput 
oil were restricted to its principal constituent, C,„HisO, the element¬ 
ary composition of which was correctly ascertained by R. Blanchet') 
in 1833. .M. Schmidt^) named it cajuputene.hydrate, J. H. Gladstone*) 
also C. R. A. Wright and Lambert'*) cajuputol. Its identity with 
cineol was established by 0. Wallaclr’) by the preparation of 
its halogen and hydrohalogen addition products. Further proof 
was supplied by Wallach and E. Gildemeister") by oxidation of 
the proper fraction to cineolic acid, which, melts at 

196 to 197 ’. 

Second in importance as to quantity is the inactive ti-terpineol, 
m. p. 35'’, which was found in cajuput oil by R. Voiry*). It occurs 
free as well as acetic ester. 

Of terpenes the oil contains but little. The lajvogyrate' 
fraction 155 to 165’ yields a solid, laevogyrate monohydrochloride 
C,„Hj,HCr) that melts at 120 to 128 . Hence it consists in part 
at least of Ui-pinene. 

The lowest fractions contain aldehydes. Upon separation 
with sodium acid sulphite, Voiry obtained a liquid that had the 
properties of valeric aldehyde. A second aldehyde that had the 
odor of bitter almond oil is probably benzaldehyde. 

664. Niaouli Oil. 

Origin and Production. The niaouli tree, Melaleuca viridiHora, 
de Brongn. et Gris, (family Myrtacex) is characteristic of very 
large areas of New Caledonia. This niaouli forest extends between 
pasture land and primitive forest to an altitude of 300 m. The 
oil is distilled from the fresh leaves with a yield of 2.5 p. c. in 
a number of establishments around Gomen, hence the designation 
gomenol’) that is customary in France. 

*) Liebig’s Annalen ! (18331, 161. 

•) lourn. Chem. Soc. 14 (1862), 63. - lourn. f. prakt. Chem. Hi (1861), 189. 

‘i journ. Chem. Soc. 85 (1872), 1 et seq. — Pharmaceutical lourn. III. 2 
(1872), 746. - lahresber. d. Chem. 1878, 815. 

*) Berl. Berichte 7 (1874), 598. — Pharmaceutical )ourn. III. 5 (1874), 234. 

'>) Liebig’s Annalen 2& (1884), 315. 

•) Ibidem 24« (1888), 276. 

’) Compt rend. 106 (1888), 1538. - Bull. Soc. chim. II. 56 (1888), 108. - 
lourn. de Pharm. V. 18 (1888), 149. 

'0 Report of Schimmel & Co. April 1808, 10. 

”) Bullet. G6n. de Th6rap. 186, 1; Pharmaceutical lourn. 61 (1898), 241. 
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Properties. In its properties and composition niaouli oil closely 
resembles cajuput oil: 0.908 to 0.929; slightly dextrogyrate 

or (for the most part) laevogyrate; n„„,. 1.47225 (1 determination): 
A. V. 1.3; E. V. 7.4 (1 determination); soluble in about 1 vol. of 
80 p. c. alcohol; of 70 p. c. alcohol it required from 4 to 25 vol. 
to effect a clear solution. 

Composition^). In place of l-(r-pinene found in cajuput oil, 
niaouli oil contains A-u-pinene from which a solid monohydro¬ 
chloride C,„Hj„HCl was prepared. Cineo! (35 to 60 p. c.) is the 
principal constituent and is accompanied by a la;vogyrate substance 
of the same boiling point (/-limonene?). About 30 p. c. of the 
oil is composed of crystallizable a-terpinvol (m. p. 35°) and its 
valeric ester. In addition, traces of acetic and butyric acid esters 
are present. With sodium acid sulphite solution Bertrand removed 
two aldehydes from the oil. One of these had the odor of valeric 
aldehyde, the other that of bitter almond and boiled at 180" 
(benzaldehyde?). The unpleasant odor of the crude oil is due 
to sulphur compounds. 

665. Oil of Melaleuca acuminata. 

The leaves of Melaleuca acuminata, F. v. Miill. yield a 
colorless oil with an odor reminding faintly of juniper berries, 
d 0.892; —15°20'. It contains much cineol-). 

666. Oil of Melaleuca bracteata. 

The oil of Melaleuca bracteata, F. v. Miill. was distilled from 
the leaves and twigs by R. T. Baker and H. G. Smith*) with a 
yield of 0.643 to 0.964 p. c. and revealed the following constants: 
d,8.1.032 to d„. 1.0358; 1.4 to -3.1°; n„8„. 1.5325 to 1.535; 

A.V. 0.7 to 1.26; S.V. 5.3 to 20.8; E. V. of the saponified oil after 
acetylation 24.57; soluble in 0.7 to 0.8 vol. of 70 p. c. alcohol. 
It contains 0.36 p. c. of eugenol (m. p. of the benzoyl compound 

h G. Bertrand, Bull. Soc. chim. III. 9 (1893), 432; Compt. rend. 116 (193), 
1070. — R. Voiry, Contribution i I’dtude chimique des huiles essentielles de 
quelques Myrtacees. Thdse de I’Ecole superieure de Pharmacie de Paris 1888. 

*) Report of Schimmel 6 Co. April 1892, 60. 

•) |oum. and Proceed. Royal Soc. of M. S. W. 44 (1911), 601; Report of 
Schimmel & Co. April 1612, 93. 
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68 to 69 ); 0.>33 p. c. free cinnamic acid, also combined cinnamic 
acid (m. p. 133 ), traces of cinnamic aldehyde, little \-phellandrene 
(m. p. of the nitrite 120°), cinnamyl cinnamate (?) and 70 p. c. 
methyl eiigenol (Zeisel determination), which was characterized 
by its bromide, m. p. 77 to 78 and by its oxidation to veratric 
acid melting at 178 to 179°. 

A sample examined by Schimmcl 8; Co.') was light yellow in 
color and had a pleasant odor reminding somewhat of champaca 
oil. d,,., 1.0422; - I 'lO'; 1.53428; A.V. 0.4; E.V. 20.8; 

E. V. after acetylation 31.0; soluble in 1.5 vol. and more of 
70 p. c. alcohol. 

667. Oil of Melaleuca decussata. 

The leaves and twigs of Melaleuca decussata, R. Br. yield 
upon distillation 0.037 p. c. of oil; d0.938; b. p. 185 to 209°. Odor 
and taste are very similar to those of cajuput oil"). 

668. Oil of Melaleuca ericifolia. 

The leaves of Melaleuca ericilolia, Sm. yield 0.033 p. c. of oil 
which, likewise, resembles the oil of cajuput. d 0.899 to 0.902. It 
boils between 149 and 184 ’'), is dextrogyrate") and contains cineol. 

669. Oil of Melaleuca genistifolia. 

According to Bosisto, Melaleuca genistifolia, Sm. contains 
0.07 p. c. of oil. From the leaves and twigs, which had been 
collected along the coast of New South Wales, Baker and Smith*) 
obtained 0.526 p. c. of an oil of a light yellow color which had 
a decided odor of turpentine oil; d,j.0.8807; ; 32.7; n,,^,. 1.4702; 

S. V. 6.8; insoluble in 10 vol. of 80 p. c. alcohol. In fraction 154 
to 158° the presence of d-u-pinene (80 to 90 p.c.; m. p. of nitroso- 
chloride 104°) was demonstrated. Fraction 162 to 183° contained 

') )oum. and Proceed. Royal Soc. of N. S. W. 44 (1911), 601; Report of 
Schimmel S Co. April 1912, 93. 

*) |. H. Maiden, The useful native plants of Australia. London and Sydney, 
ItiSfl, p. 275. 

*) ). H. Gladstone, )ourn. chem. Soc. 25 (1872), I etseq.; Pharmaceutical 
Journ. III. 2 (1872), 746; lahresber. d. Chem. 1872, 815. 

*) lourn. and Proceed. Royal Soc. of N. S. W. 45 (1911), 365; Report of 
Schimmel & Co. October 1912, 81. 
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cinco! (2 p. c. computed with reference to the original oil; resorcinol 
method). The highest fractions contain a sesquiterpene. 

670. Oil of Melaleuca gibbosa. 

The material distilled by Baker and Smith*) consisted of 
leaves and twigs of Mela/euca gibbosu, Labill. that had been 
collected in Tasmania. The yield was 0.158 p.c. The crude oil 
was dark yellow and had an odor of cineol and pinene; d,„.0.9138; 

4.5; nj,„„, 1.4703; S.V. 9.9; insoluble in 10 vol. of 70 p.c. 
alcohol, soluble in an equal volume of 80 p.c. alcohol. 61,5 p.c. 
of the oil consisted of cineol (resorcinol method). Another 
important constituent is d-u-pinene (m. p. of nitrosochloride 104"). 
The high boiling fractions contain a sesquiterpene and probably 
terpinyl acetate. 

671. Oil of Melaleuca Leucadendron var. lancifolia. 

Melaleuca leucadendron, L., the parent plant of cajuput oil. 
occurs all over Australia and the Malay territory. According 
to R. C. Cowley'■‘) seven varieties occur in Queensland. One 
variety, M. L var. lancifolia known as tea-tree*') in the Brisbane 
district, is a tree 20 ft. high with leaves about 8 cm. long. The 
yield of oil is said to be poor (the percentage is not recorded 
by the author). It has the following properties; d 0.922; u — 3"; 
n 1.4623. The colorless oil has a decided odor of cajuput oil 
and contains 45 p.c. cineol (the assay method is not given). 

An oil previously examined by Schimmel 8( Co.'*) consisted 
largely of cineol; dj,. 0.955; —3‘’38'. 

672. Oil of Melaleuca linariifolia. 

From the leaves and twigs of Melaleuca linariifolia, Sm. 
distilled in September, Baker and Smith*) obtained 1.214 p.c. 
of oil. The crude oil was light yellow and had a turpentiny 

’) Loc. cit. 369. 

*) Chemist and Druggist 7(t (1910), 832. 

*) According to Baker and Smith, the Melaleucas are quite generally 
designated as “Tea-tree”. 

*) Report of Schimmel 6 Co. April 1882, 60. 

'*) lourn. and Proceed. Royal Soc. of N. S. W. 40 (1906), 65; Report ol 
Schimmel 8( Co. April 1907, 14. 
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odor. d,n. 0.9129; «„ -i 2.5°; nj,.,, 1.4741; S.V. 6.4; E.V. after 
acetylation 40.3; insoluble in 10 vol. of 70p.c. alcohol, soluble 
in 1 vol. of 80p. c. alcohol, 10 vol. cause slight turbidity. 

Upon fractionation 52 p.c. passed over between 175 and 
183°, an additional 23 p.c. up to 250°. The oil contains neither 
pinenc nor phellandrene. The cineo! content is small. The 
lowest fractions contained small amounts of aldehydes. The 
alcohol contained in the oil appears to be identical with that 
found in M. fhymilolia. The high-boiling portions contain a 
sesquiterpene. 

Schimmel 8; Co.') have had occasion to investigate a color¬ 
less distillate of a peculiar aromatic odor; d,„. 0.9109; u„ ^ 3°; 
soluble in 1.5 vol. of 80 p.c. alcohol, the addition of more than 
3 vol. causes opalescence. It contains appreciable amounts of 
cineol. Aqueous acid sulphite solution extracted an aldehyde 
which presumably is identical with citronellal. The amount of 
available oil was too small to admit of chemical identification. 

673. Oil of Melaleuca nodosa. 

From leaves and twigs of Melaleuca nodosa, Sm. collected 
about the middle of )une. Baker and Smith'*) obtained 0.664 p.c.. 
of volatile oil. The crude product was lemon-yellow and possessed 
a turpentiny odor which was somewhat covered by small 
amounts of aldehyde (butyric or valeric aldehyde?). The crude 
oil revealed the following constants: d,., 0.8984; ((„-|-ll.6 ; 
n,„g, 1.4689; soluble in 1 vol. of 80 p.c. alcohol; E.V. 7.24; 
cineol content 33- p.c. determined according to phosphoric acid 
method. Upon rectification 92 p.c. passed over below 183°. The 
oil contains but few high-boiling constituents, among them a 
sesquiterpene. The presence of phellandrene could not be deter¬ 
mined. The oil consists principally of d-u-pinene (nitrosochloride) 
and cineol, hence its commercial value is small. 

*) Report of Schimmel S Co. October 1M06, 14. —For older literature 
on this oil see: Gladstone, |ourn. Chem, Soc. So (1872), 1 et seq.; Pharma¬ 
ceutical lourn. III. S (1872), 748; jahresber, d. Chem. 187S,- 813. — Maiden, 
toe. cit. 279. 

*) )oum. and Proceed. Royal Soc. of N.S. W. 41 (1907), 207; Report of 
Schimmel 6 Co. November 1808, 28. 
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674. Oil of Melaleuca pauciflora. 

Baker and Smith*) distilled the leaves and twigs, collected 
along the coast of New South Wales, of Melaleuca pauciUora, 
Turcz. and obtained 0.3 p.c. of a viscid oil of a dark amber 
color, it had the following properties: d„, 0.9302; c(„ -t-3.3’: 
n„„,. 1.4921; S.V. 8.25; scarcely soluble in 10 vol. of 80 p.c. 
alcohol. It contained 8.7 p.c. of cineo! (resorcinol method). 
Another oil had d,,. 0.9552; n,,^,. 1.4923. Pinene was not found. 
The oil probably contains limonene or dipentene. Possibly the 
oil contains terpinyl acetate, also about 5 p. c. of free terpineol. 
Not less than 67 p.c. of the oil distilled over between 260 and 
270". The principal constituent, therefore, appears to be a 
sesquiterpene. Fraction 260 to 270° had the following con¬ 
stants: dj,. 0.9364; «„ 8.5"; n„j,. 1.5004. It yields characteristic 

color reactions with glacial acetic acid and sulphuric acid (red 
color), with acetic acid anhydride and sulphuric acid (green 
color) and with bromine vapors (blue color). Upon standing 
the last-mentioned color changes to violet and then to green. 
It would appear that this sesquiterpene occurs in many of the 
high boiling portions of many Melaleuca oils. 

675. Oil of Melaleuca squarrosa. 

The leaves of Melaleuca squarrosa, Sm. yield 0.002 p. c. of 
a green oil with an unpleasant taste “). 

676. Oil of Melaleuca trichostachya. 

The oil of Melaleuca trichostachya, Lindl.“) has been 
distilled by Baker and Smith*) with a yield of 1.25 to 2.58 p.c. 
from the dry leaves, it had the following properties: d,j. 0.9144 
to 0.9153; «„4-2.3 to +3.1°; nj„„. 1.4636 to 1.4655; S.V. 2.1 
to 2.8; E.V. after acetylation 13.9; soluble in 1.3 vol. of 70 p.c. 


*) joum. and Proceed. Royal Soc. of M. S. W. 46 (1911), 312; Report of 
Schimmel & Co. October 1912, 81. 

-) Maiden, toe. cit. p. 279. 

“) According to Baker and Smith Melaleuca trichostachya and M. linarii- 
folia are not synonymous, but true species. 

*) journ. and Proceed. Royal Soc. of W.S. W. 44 (1910), 592; Report of 
Schimmel 8i Co. April 1912, 93. 



302 


Family : Myrtace^. 


alcohol. In addition to almost 80 p.c. cineo! (resorcinol method) 
the oil probably contains pinene. Of esters the presence of 
tfrpiny! acetate was proven. The terpineol was identified by 
the reaction with hydrogen iodide (formation of dipentene di- 
hydriodide melting at 77°). In addition the oil contains traces 
of phenols, low-boiling aldehydes, also a sesquiterpene (?), 
d 0.934; n„ 1.4985. 

677. Oil of Melaleuca thymifolia. 

Melaleuca thymilolia, Sm. is known as thyme-leaved tea tree 
in Australia. From leaves distilled in April, Baker and Smith') 
obtained 2.28 p. c. of volatile oil of a faint yellow color. It had 
the properties of good eucalyptus oil, rich in cineol, but was 
much more difficultly soluble. d,„„ 0.9134; n„,j,,. 

1.4665; S.V. 3.1; E.V. after acetylation 33.6; insoluble in 10 vol. 
of 70 p.c. alcohol, soluble in 0.5 vol. of 80 p.c. alcohol, but the 
addition of more alcohol causes turbidity. Its behavior toward 
90 p. c. alcohol is similar. 

For the most part (86 p.c.) the oil distills between 172 and 
183°. The cineo! assay (phosphoric acid method) yielded 53 p.c. 
Very small amounts of aldehyde were found present, but neither 
pinene nor phellandrene. judging from the odor, the alcoholic 
constituent of the oil seems to be related to borneol. 

678. Oil of Melaleuca uncinata. 

From leaves and twigs of Melaleuca uncinata, R. Br. col¬ 
lected in March, Baker and Smith") obtained 1.246 p.c. of a 
yellowish oil. The crude oil of several distillations which lasted 
from 4 to 5 hours each, had the following constants: di,. 0.9259; 
Oj, 4-7.2°; n,m. 1.4788; S.V. 3.05; soluble in 1.5 vol. of 70 p.c. 
alcohol. Upon fractionation only 4 p.c. passed over below 172°, 

41.6 p.c. between 172 and 177°, 24.8 p.c. between 177 and 195°, 

2.6 p.c. between 195 and 197°, leaving 27 p.c. of higher boiling 
constituents. After several days this residue congealed to a 

*) journ. and Proceed. Royal Soc. ot N. S. W. 40 (1906), 62; Report of 
Schimmel S Co. April WOT, 14. 

*) journ. and Proceed. Royal Soc. of N. S. W. 41 (1907), 196; Report of 
Schimmel 8| Co. November W08, 28. 
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thick mass. The oil contains much dneol, some d-a-pinene 
(nitrosochloride), a sesquiterpene, also a crystalline substance. 
This proved to be an alcohol which, after repeated purification, 
was obtained snow white and melted at 72.5°; [«]„ r 36.99' in 
alcoholic solution. This substance, named uncineol by its dis¬ 
coverers, sublimes in needles and has the formula C,|,H,^ 0 . 

An oil previously described by Schimmel S Co.‘) (d,^. 0.925; 
(t„-j r40') contained cineol as principal constituent. 

679. Oil of Melaleuca Wilsonii. 

The leaves of Melaleuca Wilsonii, F. v. Mull, yield 0.024 p. c. 
of an oil similar to cajuput oil, with a specific gravity of 0.925-). 

680. Oil of Bicckea frutescens. 

The light yellow oil of Bacckea frutescens, L. (family Myrtaceai) 
consists in part, of a stearoptene. d,^,.0.883"). 

681. Oil of Darwinia fascicularis. 

Darwinia fascicularis, Rudge (family Myrtaceai) is a shrub 
2 to 5 ft. in height which, upon distillation, yields from 0.3 to 0.5 p.c. 
of a fragrant oil"). The crude oil is of a rather dark color and 
has a specific gravity of 0.915 at 19°. When shaken with dilute 
alkali it becomes so light in color that its optical rotation could 
be determined, viz., 1.2°. The oil was soluble in 2 vol. of 
90 p.c. alcohol, but not in 70 p.c. alcohol. Schimmel 8 ; Co.") 
determined the following constants: d, 5 .0.9232; «„4-l°10'; 
ni, 5 „. 1.47205; E.V. 179.6 = 62.8 p.c. geranyl acetate; E.V. after 
acetylation 200.6 = 64.9 p.c. of alcohol C,„H„0 in the original oil. 

The chemical investigation") revealed that the oil contained 
57 to 65 p.c. of geranyl acetate and about 13 p.c. of a free 
alcohol which could be esterified readily with acetic acid anhydride, 
and which, in all probability, is geraniol. 

*) Report of Schimmel 6 Co. April 1892, 60. 

’) Maiden, toe. cit. p. 280. 

“) P. van Romburgh, Verslag Plantentuin Buitenzorg 1892, 57. 

*) Baker and Smith, )oum. and Proceed. Royal Soc. of M. S. W. :» 
<1899), 163. 

*) Report of Schimmel S Co. October 1900, 19. 
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The corresponding fraction, after saponification with alcoholic 
potassa in the cold>), yielded a solid compound with calcium 
chloride, which, when decomposed with water, yielded geran/ol. 
This was oxidized to citral which, in turn, was characterized as 
citryl-,‘<-naphthocinchoninic acid. 

As was shown by the analysis of the silver salt, the acid 
component of the ester consists principally of acetic acid with 
which are admixed small amounts of a high molecular acid. 

682. Oil of Darwinia taxifolia. 

Baker and Smith®) distilled the oil of Darwinia taxifolia, 
A. Cunn. with a yield of 0.313 p. c. djj. 0.8734; Oj, —6.5°; S. V. 
14.5 to 16. Aside from about 4 p.c. of low boiling material, the 
oil distilled between 165 and 255°. The lightest fraction contained 
\-pinene, which was recognized by its boiling point and by its 
nitrosochloride melting at 103°. The presence of cineol and 
phellandrene could not be detected. )udging from its odor, the 
alcohol present in the oil seems to be linalool. Acetylation yielded 
results indicating the presence of 7.9 p.c. of an alcohol C,„HigO. 


Family: ARALIACErF. 

683. Oil of Aralia nudicaulis. 

Wild sarsaparilla, Aralia nudicaulis, L. (family Araiiacem) 
occurs from Canada to the southern part of the United States 
of North America. Upon distillation of its rhizome with water 
vapor, W. C. Alpers*) obtained 0.04 to 0.12 p.c. of a light yellow 
volatile oil which possesses a peculiar odor reminding of young 
carrots. Distilled under a pressure of 80 mm. the larger part 
of the oil passes over between 185 and 195°, under atmospheric 
pressure between 260 and 270°. It consists principally of a sesquiter¬ 
pene CijHjj, ara/Zene, b.p.270°; di8.0.9107; dj,.0.9086; nj,1.49936; 
Mb — 7 to — 8° (in benzene solution). No solid derivatives were 
obtained. In addition, the oil contains an oxygenated constituent, 

‘) Report of Schimmel S Co. October 1900, 19. 

‘) Baker and Smith, Jouro. and Proceed. Royal Soc. of N. S. W. 38<1899), 163. 

“) Americ. )oum. ^arm. Jl (1899), 370. 
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which, judged by its high boiling point, belongs to the class of 
sesquiterpene alcohols. That portion of the oil which boiled 
around 300° was colored blue. 


Family: UMBELUFER^. 

684. Laretia Resin Oil. 

The gum resin obtained from Laretia acaulis. Gill, et Hook., 
a Chilian umbelliferous plant, has an odor reminding of galbanum 
and contains umbelliferone, also a terpene') boiling at 160". 

685. Oil of Eryngium campestre. 

The oil distilled in Southern France from the fresh herb of 
Eryngium campestre, L. (family Umbelliferae) with a yield of 
0.088 p. c.*) is of a light yellow color and has a pleasant, rather 
indefinite odor reminding remotely of the oil of musk grains. 
d,„.0.9043; 5"42': n^,„. 1.48518; E.V. 10.47; insoluble in 

10 vol. of 80p. c. alcohol, soluble in 1 vol. and more of 90p.c. 
alcohol, the diluted solution showing a slight opalescence. 

686. Oil of Eryngium foetidum. 

Distilled in Buitenzorg, Eryngium foetidum, L., an umbelli¬ 
ferous plant known as walang daeri in Java, yielded 0.03 p.c. of 
a volatile oil with the following properties: d.^,.0.905; «i,-f 0°42'; 
A.V. 29.5; S. V. 65; S. V. after acetylation 327. When heated with 
alcoholic potassa the oil became very dark so that titration became 
inaccurate. From the aqueous distillate benzene removed upon 
shaking a solid acid, m.p. 165 to 166°; A.V. about 330’). 

687. Oil of Anthriscus Cerefolium. 

From the fresh fruits of Anthriscus Cerefolium, Hoffm. 
(ChaerophyUum sativum, Lam., family Umbellilerx, Ger. Garten- 

*) A.Tschirch, t)/e//arze und dieHarzbehStter. 2"'* ed. Leipzig IBOfi, l.p. J58. 

“) Report of Schimmel 6 Co. October 1905, 73. 

’) Jaarb. dep. Landb. in Ned.-lndie, Batavia 1911, 46; 1912, 57; Report of 
Schimmel S Co. October 1918, 49; April 1914, 53. 
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kerbel), E. Charabot and L. Fillet') obtained, upon distillation 
0.0118 p.c. of a light yellow oil with an anise-like odor reminding 
of esdragon. It consists for the most part of methyl chavicol. 
Treated with alcoholic potassa, the oil yielded anethol, m.p. 20 
to 21", which was identified by its oxidation to anisic aldehyde. 

Upon the distillation of the unripe fruits H. Gutzeit*) obtained 
27 g. of oil from 10 kg. In the aqueous distillate he identified 
ethyl and methyl alcohol. 

688. Oil of Sweet Cicely. 

The root of the umbelliferous plant Osmorh/za longistylis, 
D. C., known in North America as sweet cicely, sweet root and 
sweet anise, has a decided odor of anise and fennel"). This 
induced L Eberhart^) to distill the root. He obtained 0.63 p.c. of 
oil that had a specific gravity of 1.0114 at 10", congealed at 10 to 12“ 
and reliquified at 16°. 

Upon fractionation the oil began to boil at 189", after which 
the thermometer rose rapidly to 225°. The bulk passed over 
between 225 and 230°, whereas from 230 to 280° but little came 
over. Fraction 226 to 227" consisted, as revealed by its properties, 
of anethol, which, upon oxidation yielded anisic acid melting at 184°. 

The fraction boiling about 250° yielded a bromide that 
crystallized in rhombic plates and melted at 139". The nature 
of the compound underlying the bromide was not ascertained. 

689. Coriander Oil. 

Oleum Coriamlri. — Corianderiil. - Eaaenoe de Coriandre. 

Origin and Production. Coriander oil is distilled from the 
crushed fruit") of Coriandrum sativum, L The exhausted and 
dried fruits serve as fodder for animals. They contain 11 to 
17 p.c. protein and 11 to 20 p.c. fat"). For factory production 
the Moravian, Thuringian, Russian and Hungarian coriander 


‘) Bull. Soc. chim. 111. 31 (1899), 368. 

‘) Liebig’s Annalen 1<< (1875), 382. 

*) H. Green, Americ. |oum. Pharm. 54 (1882), 149. 

‘) Pharm. Rundsch. (New York) 5 (1887), 149. 

") The umbelliferous fruits are frequently, though not correctly, desig¬ 
nated seeds. 

*) Uhlitzsch, Die landwirtschaftlichen Versuchsstationen 42 (1893), 60. 
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only come into consideration. The yield varies between 0.8 and 
1.0 p.c. Only in case of emergency are fruits from other districts 
used, for these are much poorer in oil. Of these the French 
(yield about 0.4 p.c.), Dutch (0.6 p.c.) and Italian (0.5 p.c.) coriander 
should be mentioned. The large Moroccan fruit yields even less 
oil, viz., 0.2 to 0.3 p.c., whereas the East Indian yields least, 
viz., 0.15 to 0.2 p.c. 

Properties. Oil of coriander is a colorless or faintly yellowish 
liquid with a characteristic coriander-like odor and an aromatic, 
but mild taste, d,,,,0.870 to 0.885; «„ + 8 to | 13"; n,,,,,,, 1.463 
to 1.476; A. V. up to 5; E. V. 3 to 21. With 2 to 3 vol. of 70 p.c. 
alcohol Hie oil yields a clear solution at 20". 

Composition. The principal constituent of the oil was recog¬ 
nized by A. Kawalier*) as a substance of the formula C,„H,sO. Its 
alcoholic nature was recognized by B. Grosser'-). F. W. Scmmler*) 
named it coriandro! and recognized that it had an open chain, 
hence belonged to the so-called olefinic camphors. F. Barbier*) 
showed that, with the exception of opposite optical rotation, 
linalool and coriandrol have the same physical properties and 
that they are chemically identical. Upon oxidation both yield 
the same aldehyde, citral, are dehydrated in like manner and 
can be converted into geraniol by proper chemical treatment. 
For these reasons coriandrol must be regarded as the dextro¬ 
gyrate modification of linalool. 

The question of the amount of linalool in normal oils has 
been investigated by Fi. Walbaum and W. Miiller''). When 
acetylated according to the usual manner, the alcohol assay, 
computed as CioHj^O, yielded 49.65 p.c.; according to Schimmel 
8i Co’s, modification of Boulez’s method"), 67.5 p.c. An attempt 
to compute the amount of alcohol from the consumed sodium 
after the dried oil had been heated with this element in toluene 
solution, yielded 75 p.c. Careful fractionation on a factory scale 


*) Liebig's Annalen M (1852), 351. — |oum. f. praht. Chem. 5H (1853), 226. 
•) Berl. Berichte 14 (1881), 2485. 

") Ibidem 34 (1891), 206. 

*) Compt. rend. 116 (1893), 1460. 

") Wa/lach-Festschrift, G6ttingen 1909, p. 654. 

•) Report of Schimmel S Co. April 1#05, 120. 
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gave about 70p.c. rf-linalool. Hence the percentage of linalool 
in coriander oil may be given as between 60 and 70 p.c. 

The other constituents have likewise been subjected to a 
careful investigation by Walbaum and Muller *). 

In the hydrocarbon fractions, which constitute about 20 p.c. 
of the oil, the presence of the following compounds has been 
demonstrated: \-u-pinene by means of its nitrolbenzylamide 
melting at 123 to 124° and /-pinonic acid melting at 104 to 105°; 
A-((-pinene‘^) by means of rf-pinonic acid melting at 68.5 to 70°, 
l“J» -1-89.40°; (l-pinene by oxidation with permanganate to nopinic 
acid, m.p. 125 to 127°; furthermore cymene with the constants 
djjo 0.8601, «„-l-0°; n„j„, 1.48565 was isolated. Upon oxidation 
with potassium permanganate the cymene yielded p-hydroxy 
isopropyl benzoic acid melting at 155 to 156°. Dipentene occurs 
in very small amount only and was identified by means of its 
tetrabromide melting at 123 to 124°. The presence of both ter- 
pinolene and phellandrene was indicated, but the reactions 
afforded no positive proof. An appreciable proportion of the 
hydrocarbon fractions consisted of terpinenes, of which a-terpinene 
as well as y-terpinene were identified. With nitrous acid fraction 
179 to 180° yielded terpinene nitrosite melting at 154 to 155°. 
The same fraction yielded with gaseous hydrogen chloride a good 
yield of terpinene dihydrochloride, m.p. 51 to 52°. The dihydro¬ 
bromide melted at 58.5 to 59.5°. The hydrochloride, when treated 
according to Wallach”) with alkali, was converted smoothly into 
terpinenol. When the terpinene fractions were oxidized with 
dilute potassium permanganate solution the erythrol melting at 
235 to 236° resulted. According to the investigations of Wallach^) 
this is derivable from y-terpinene. In addition the inactive 
a,«'-dihydroxy-a,u'-methyl isopropyl adipic acid, m.p. 189", was 
prepared. This acid is a derivative of n-terpinene. Thus it was 
shown that both terpinenes occur in nature. 

In those fractions of coriander oil that boiled higher than 
linalool, higher members of the fatty aldehydes, principally decyi/c 
aldehyde, were found, furthermore geraniol, borneol and also 

*) Wallach-FestschrUt, Gottingen 1909, p. 654. 

*) Comp, also Report of Schimmel Co. April 1^, 22. 

'5 Liebig’s Annalen 860 (19061, 155. 

♦) Ibidem 882 (1908), 296. 



Coriander Oil. 


309 


the acetic esters of these alcohols. The decylic aldehyde was 
characterized by converting it into decylic acid and into its semi- 
carbazone melting at 102°. In addition to decylic aldehyde other 
readily changeable aldehydes seem to be present. The geraniol, 
purified by means of its calcium chloride compound, revealed 
the constants characteristic of this alcohol: b.p. 231 to 232°; 
d,B. 0.881; n„ + 0°. It yielded the diphenylurethane melting at 
80 to 81°. The isolated borneol was slightly tevogyrate and 
crystallized from petroleum ether in hexagonal plates melting at 
204°. Upon oxidation it yielded camphor, the oxime of which 
melted at 118°. In the saponification liquid of the esters the 
presence of acetic acid and some decylic acid was demonstrated. 

Hence of the constituents of coriander oil the following are 
now known: — 

d-a-pinene, \-u-pinene, (t-pinene, pheHandrenet^), p-cymene, 
dipentene, a-terpinene, y-terpinene, terpinolene (?), n-decylic 
aldehyde, d-linalool, geraniol, \-borneol, and the acetic esters 
of these alcohols. 

Examination. Oil of coriander is frequently adulterated with 
orange oil or turpentine oil. Their presence is readily indicated 
by the specific gravity and angle of rotation. Very serviceable 
for the detection of adulterants is also the solubility in 70 p.c. 
alcohol. Oils which are not soluble in 3 vol. of this reagent 
should be rejected. 

In order to study the changes which the volatile oil under¬ 
goes during the maturing process of the fruits, Schimmel 8; Co.‘) 
distilled coriander at various stages. To begin with, fresh, 
flowering plants, root and all, were subjected to distillation imme¬ 
diately after collection (1). At this stage the plant had an ex¬ 
ceedingly disagreeable, benumbing odor of bed bugs. Later when 
the herb was half-mature and seeds had begun to form a second 
distillation was carried out (2). The bed bug odor was less 
prominent and the typical coriander odor became noticeable, 
inasmuch as the herb has scarcely any odor when the fruits 
have reached maturity, the ripe fruits only were used for the 
third distillation immediately after the harvest (3). 

•) Report of Schimmel 6 Co October IN95, 21. 
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1. on from the fresh, flowering entire pfant. 

Yield 0.12 p.c.; d,^.0.853; not soluble in 70 p.c. alcohol; odor 
exceedingly disagreeable, bed-bug-like. After 2^1^ months the 
specific gravity had increased to 0.856. The angle of rotation 
(not determined in the beginning) was 1 - 1° 2'. The bed-bug- 
like odor had disappeared completely. Hence the bearers of 
this odor must have been polymerized or otherwise changed. 


2. on from the fresh, half-mature herb and fruits. 

Yield 0.17 p.c.; dj^. 0.866; ir,, 1 7” 10'; soluble in 3 vol. of 
70 p.c. alcohol; odor coriander-like with a trace of the bed-bug 
odor. After a month the specific gravity had increased to 0.869. 

3. on from the mature coriander fruit distilled immediately 
after the harvest. 

Yield 0.83 p.c.; di,. 0.876; «„ -f 10"48'; soluble in 3 vol. of 
70 p. c. alcohol. Odor pure coriander-like. 


690. Oil of Conium maculatum. 

Oil from the herb. 

From the herb, without flowers, of Conium maculatum, L. (Ger. 
gefleckter Wasserschierling, family Umbelliferae), H. HaenseP) 
obtained 0.0765 to 0.0783 p.c. of a blackish-brown oil from which 
a stearoptene separated at low temperature. d,„. 0.9502; A. V. 
about 60; S.V. about 70. Upon rectification with water vapor 
only 25 p.c. of oil passed over; dj„. 0.9310; —12.4"; S.V. 36. 

In the blackish-brown residue palmitic acid was identified by 
its melting point and silver salt. 

Oil from the fruits. 

Yield 0.0179 p.c. of a blackish-brown oil*); d,,. 0.8948; 
S.V. 34.11. Upon rectification 51 p.c. of oil passed over; 8,^. 
0.8313; «„-2.16°. 


*) Apotheker Ztg. Ifl (1904), 557, 558. 
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691. Oil of Bupleurum fruticosum. 

Origin and Production. The oil from Bupleurum fruticosum, 
L., an umbelliferous plant which grows abundantly in Sardinia 
has been prepared by L. Francesconi and G. Sanna'). For 
distillation plants in various stages of development and from 
different places were collected. The oil content increased with 
the development of the plant and the flowers contain more oil 
than the leaves. Plants growing at higher altitudes are richer 
in oil than those growing in the plains. Density, optical rotation 
and index of refraction increase with the growth of the plant, 
attain a maximum during the flowering period and then decrease. 
The ester content decreases during the flowering period and is 
greatest for plants growing in the mountains. Leaf oils contain 
more ester than flower oils; plants, which have grown in moist 
places, are poor in esters. Oils rich in ester have a higher 
specific gravity and a lower angle of rotation than oils poor in 
ester. The flower oils contain more free alcohol than the leaf 
oils. During the flowering period the free alcohol content in¬ 
creases at the expense of the esterified alcohol. 

From a phytophysiological point of view the investigations 
of Francesconi and Sernagiotto*) on the localization and distribu¬ 
tion of the volatile oil in the Bupleurum plant are also of 
interest. The younger the leaves, the more volatile oil they 
contain. Besides by the method of extraction, the oil can be 
localized microscopically by means of osmic acid, Soudan Hi 
(amidoazo benzolazo-/f-naphthol) and Mesnard’s reagent. 

The branches which had dried somewhat during transporta¬ 
tion, and which had been distilled in Laconi (province of Cagliari), 
yielded 1 p.c. of oil; the leaves during the flowering period 
I to 3 p.c.; and the flowers themselves 3.75 p.c. The entire 
plant gave a yield of from 0.5 to 4.4 p.c. 

Properties. The oils distilled from the several parts of the 
plant differ as to their properties. The degree of development 
of the plant, also its locality, influence the properties as will 
become apparent from the following table: — 

*) Gazz. chim. ital. 41 (1911), 1. 395; Chem. Zentralbl. WU, It. 690. 

*) Atti R. Accad. dei Lincei, Roma (3), 20 (19tl), II. tit; Chem. Zentralbl. 
tSIt, II. 1540. 
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“t 

1 

s.v. 

Source of oil: 

difio 

Wd i 

OOM" 1 

S.V. after 

a) Botanical Garden of Cagliari 
(altitude 5 to to m.). 

i| 

i! 


- 

acetyl. 

1 

Leaves before flowering . . . 

„ at beginning of flowering 

10.8317 

+ 47.24° (19°) 

1.4817 

I 

period. 

„ during height of flower- 

j 0.8359 

1 1 

45.5^(24'*) 

1 

1.4841 


ing period. 

1 0.8347 

i f 43.26° (23°) 

1.4783 

5 - 

Branches . 

1 -• 


1.4945 

— 1 , 


b) Monteponi (altitude 1CX) m.), Be¬ 

ginning of flowering period. 

Leaves, fresh. 

„ dry. 

„ damaged. 

c) Buggeru (altitude 60m.), advanced 

flowering period. 

Leaves . 

Branches.- . . 

Flowers. 

d) Laconi (altitude 500 to 6(X) m.), at 
the close of the flowering period. 

Leaves . 

Branches . 

Flowers. 

Flowers'). 


t f i.itoijy I** 1 —' 

|l 0.85941-f 19.72° (24°) 1.4856 13.8123.7 
!! 0.8626!+ 19.98° (23°) 1.4862 14 -- 


0.8692 +41.45° (23°) - j7 24.8 

0.8484 + 27.06° ! - S | 24.3 

0.8545 4 43.42° (25°) i — 1 8 .128.5 


10.8484 + 28.76° (28°) — 9.65, - 

II 0.8441 4-24.49° (28°) — 8 - 

ijO.8517 4 25^6°(28°) - 8 - 

ll0.8593 1 + 32.09° 1,4806 i 8.81! 22.9 

;! (i3') - (16") i 


Composition. Besides an alcohoi and an ester, the oil con¬ 
tains a large amount of a terpene") which resembles limonene 
and which has the following properties: b.p. 167 to 169°; 
d„. 0.8416; [«]„„.+35.7°; n 1.4862. At 200° it polymerizes to 
an amorphous, white mass; b.p. 90 to 100°; [a]„ —66.14°. 

if to 5 cc. of oil, dissolved in 20 cc. alcohol, 7 cc. of amyl 
nitrite or 11 cc. of ethyl nitrite be added, and then 8.5 to 9 cc. 
of saturated alcoholic (96 p.c.) hydrogen chloride, a nitroso- 
chloride") is obtained which probably represents a mixture, 


') L. Francesconi and E. Semaglotto, Atti R. Accad. del Lincel, Roma 
(5), 23 (1913), 1. 34; Chem. Zentralbl. 1918, 1. 1114. 

') L Francesconi and G. Sanna, Gaza. chim. ital. 41 (1911), 1. 796; 
Chem. Zentralbl. 1911, II. 1450. 

. *) L Francesconi and E. Sernagiotto, Atti R. Accad. del Lincei, Roma 
(5), 30 (1911), II. 190; Chem. Zentralbl. 1911, II. 1805. 
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which melts between 80 and 97°, mostly at 92 to 94‘; [uj„ —196.2 
to —210.6°. By fractional precipitation of the chloroform 
solution with methyl alcohol it can be resolved into a less soluble 
portion that melts at 100 to 101° {[n]„—285°) and a more 
readily soluble portion that melts at 101 to 102° ([«]„ —175°). 
By splitting off nitrosyl chloride from the nitrosochloride, d-(i-phel- 
landrene ([«]^,-+-19.65 to +53.32°) was obtained'). However, 
it is doubtful whether the oil contains phellandrene. Upon pro¬ 
longed boiling of the nitrosochloride with a mixture of 3 parts 
of water and 10 parts acetic acid there resulted dihydrocuminic 
aldehyde-); b.p. 136 to 140° under 15 mm. pressure; dj,. 0.9825; 
n 1.528; m.p. of semicarbazone 197 to 198°. Oxidized in 
alcoholic solution with silver oxide the dihydrocuminic aldehyde 
yielded cuminic acid melting at 116 to 117 . 

Upon treating the oil with phthalic acid anhydride Francesconi 
and Sernagiotto') obtained an acid phthalate from which they 
regenerated an alcohol which they named bupleuml. They 
also isolated an oily compound CioH,„0 with a pungent odor; 
d 0.9264; [a]j, +14.93°; n,, 1.4909. Its constitution is unknown. 

Bupleurol is an almost colorless oil with a faint rose-like 
odor; b.p. 209 to 210° (762 mm.); dj,. 0.8490; [o]„ + 0”; n„ 1.4508. 
Its dibromide is oily. The acid phthalic ester yielded a silver 
salt that melted at 135'. Bupleurolphenylurethane melts at ^ . 
Oxidized with Beckmann’s mixture, bupleurol yields two alde¬ 
hydes, the semicarbazones of which melted at 135 and 97 
respectively. There also results a yellowish, oily ketone, b.p. 217 , 
the semicarbazone of which melts at 189 to 190°. Moreover, 
there was obtained a non-volatile, red oil, b.p. 207° (pressure?), 
presumably an ester of the original alcohol with the acid resulting 
upon oxidation. The same oxidation, finally, yielded a free acid, 
a yellow oil; n^ 1.4370. Francesconi and Sernagiotto regard 
bupleurol as an aliphatic alcohol differing from citronellol and 
androl and being characterized by the following formula: 


>) Francesconi and Sernagiotto. Atti R. Accad. del Lincei, Roma (5). 
(1911), II. 325; Chem. Zentralbl. 1»1*, 1-345. 

•) Francesconi and Sernagiotto, Atti R. Accad. dei Lmcei, Roma (5), 30 

(1911). II. 388; Chem. Zentralbl. IMS. I- 345. . „ . .ui 

•) Atti R. Accad. dei Lincei, Roma (5). 22 (1913,, 1. 34; Chem. Zentralbl. 

ms, 1.1114. 
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H,Cx 

H»C 


CH • CH, • CH, • CH» • C • CH, • CH, • OH, 
CH, 

Bupleurol 


They regard it as a dihydronerol(?). They fail, however, to 
supply direct proof for the correctness of the structural formula 
adopted by them and base their conclusions on purely theoretical 
considerations'). It is assumed that the bupleural, obtained by 
oxidation of bupleurol, and the above-mentioned ketone are 
characterized by the following formulas:— 

CH,.CH{CH3), CHCH(CH3)„ 


H.,C 

CHO 

H,C;' ^,CO 

K,C 

, CH. 

\ - • 

H,,C'x^^JcH., 


C:CH„ 

C:CH, 


Bupleural. 

Cyclic ketone. 


692. Oil of Cumin. 

Oleum Cumini. — Cuminol. - Essence de Cumin. 

Origin and Production. Cumin oil is distilled from the fruits 
of Cuminum Cyminum, L., Ger. romischer /^iimmel. As to the 
commercial article, the principal countries of production are 
Morocco, Malta, Syria and the East Indies. Distilled on a tech¬ 
nological scale the several kinds gave the following yields: — 

Maltese cumin ... 3.5 to 4.5 p. c. 

Moroccan „ . . . 3 p.c. 

East Indian „ ... 3 to 3.5 p. c. 

Syrian „ ... 2.5 to 4 p. c. 

Properties. Fresh cumin oil is colorless, but later becomes 
yellow and even brown. It has the unpleasant bed-bug-like but 
characteristic cumin odor and a spicy, somewhat bitter taste. 

d,3.0.900 to 0.930 (in connection with an East Indian oil 
and two oils of unknown origin the density was found from 
0.893 to 0.899); -f 3" 20' to + 8°; n„„„. 1.494 to 1.507; soluble 
in 3 to 10 vol. and more of 80 p.c. alcohol, the denser oils 


*) Atti R. Accad. del Lincei, Roma (5), 23 (1913), I. 148; Chem. Zentralbl. 
lets, 1. 1508. 
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being the more readily soluble ones. Attempts to assay the 
cuminic aldehyde failed to give satisfactory results either with 
sodium acid sulphite or with neutral sulphite. The acid sulphite 
method yielded results varying between 23 and 30 p.c. for the 
same oil, moreover the strong odor of the residual oil revealed 
the presence of considerable amounts of cuminic aldehyde after 
the assay. The phenylhydrazine method, which yielded accurate 
results*) to within 1 to 2 p.c. error revealed 35 to 42 p.c. 

Composition. The constituent to which oil of cumin owes 
its odor and its principal properties is the cuminic aldehyde ot 
cuminol-) the properties and derivatives of which have been 
described in Vol. I, p. 422. This aldehyde is accompanied by 
cymene and terpenes. 

In order to separate the hydrocarbons from the oxygenated 
constituents, C. Gerhardt and A. Cahours ') distilled the oil with 
caustic potassa, whereby the aldehyde was converted into 
cuminic acid on the one hand and cuminic alcohol in the other, 
thus holding them back. C. Bertagnini*) found that it combines 
with sodium acid sulphite and thus recognized the aldehyde 
nature of cuminol. Thus the way was paved for the isolation 
of this substance. According to C. Kraut ') the low-boiling por¬ 
tions arc first distilled off and the residue shaken with sodium 
acid sulphite. After standing for twenty-four hours the magma 
is expressed and decompo.sed by distillation with .soda solution 
or dilute sulphuric acid. 

The occurrence of a terpenc in cumin oil was first ascer¬ 
tained by C. M. Warren") and later verified by F. Beilstein and 
A. Kupfer’). Inasmuch as L.). Wolfram") was unable to prepare 
a crystalline derivative and thus to identify the hydrocarbon with 
one of the known terpenes, he assumed that he had found a 

‘) Report of Schimmel 6 Co. April 1»I3, 45. 

•) Cumina/ would be the proper designation in order to point out its 
aldehyde character. 

’) Liebig’s Annalen »8 (1841), 70. 

*) Ibidem S5 (1853), 275. 

•) Ibidem #2 (1854), bb. 

“) lahrb. d. Chem. LSIw, 514; See also R. Fittig, Zeitschr. f. Chemie 1, 
N, F. (1865), 667; Pharm. Zentralbl. IWK!, 150. 

’) Liebig’s Annalen 170 (1873), 282. 

") Pharm. Zeitschr. f. Russl. 35 (18%), 97, 113, 129, 145, 161, 
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new terpene which gave liquid derivatives only and called it 
hydrocuminene. 

The second hydrocarbon of cumin oil is cymene, the identity 
of which with the cymene from camphor and from other volatile 
oils was demonstrated by Beilstein and Kupfer, also by Wolfram. 

A more recent investigation conducted in the laboratory of 
Schimmel Co.‘) has revealed that the terpene fraction of the 
oil consists of several hydrocarbons. 

Fractionation in vacuum of an oil distilled by themselves 
effected the separation of the hydrocarbons from the higher¬ 
boiling. constituents. The fractions boiling above 80° (10 mm) 
were shaken with acid sulphite and the hydrocarbons, the aldehyde 
and non-aldehydic higher-boiling portions examined separately. 

The hydrocarbons separated by vacuum distillation were 
fractionated repeatedly under diminished pressure. With in¬ 
creasing boiling point the optical rotation decreased appreciably. 
Thus, whereas fraction 168 to 169° had an | 14° 40', fraction 
178° showed an Oj,+ 0°35' only. After repeated fractionation 
of 2‘/a kg. of hydrocarbons, 11 g. of a fraction 158 to 168° were 
obtained which had an odor of pinene. With nitrosylchloride 
a very small yield of nitrosochlorjde was obtained, the benzyl- 
amine derivative of which melted at 120 to 123°. The presence 
of A-u-pinene was proven by the oxidation to active </-pinonic 
acid, m. p. 68 to 69°. Hence the oil contains both /- and 
d-a-pinene, though in minimal amounts only. 

In addition to p-cymene (m. p. of hydroxy/sopropyl benzoic 
acid 155 to 156°), the higher-boiling hydrocarbon fractions contain 
small amounts of terpenes. Upon oxidation of the cymene 
fraction a small amount of sodium nopinate was obtained. The 
free nopinic acid, m. p. 125 to 126°, was tevogyrate. Further 
oxidation with permanganate yielded nopinone (m. p. of semi- 
carbazone 187 to 188°), thus proving the presence of ^pinene. 

Fraction 178° (a„-j-0°35') added about lOp.c. of bromine. 
With hydrogen chloride a solid dihydrochloride, m.p.48°, resulted, 
which when mixed with dipentene dihydrochloride suffered no 
melting point depression. From the same fraction a nitroso- 
chloride was obtained, it was obtained in small amount and 


*) Report of Schimmel S Co. October lflO», 49. 
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crystallized only after the addition of water, alcohol and ether. 
These facts indicate dipentene. 

Although the presence of phellandrene could not be proven 
directly, for the nitrite reaction gave negative results, the presence 
of ^-phellandrene is rendered probable by the results of the 
oxidation experiments. From the oxidation mother-liquids with 
1 p.c.'permanganate solution, a glycol was isolated as a viscid 
oil that would not congeal. Treated with dilute sulphuric acid, 
a substance with a decided cumin odor resulted, the semicar- 
bazone of which melted at 205 to 208 . The aldehyde regener¬ 
ated therefrom yielded, upon oxidation, cuminic acid melting at 
113 to 115°. Hence this fraction must contain a hydrocarbon 
with a methene group directly in touch with the nucleus, for 
only such a combination is capable of yielding a glycol which, 
upon dehydration, may yield an aldehyde of the cumin series. 
In addition to the glycol a number of oily acids had resulted, 
/sobutyric acid was the only one isolated (b.p. 157 to 159°); 
the calcium salt was more difficultly soluble in hot than in cold 
water. It was impossible to ascertain with certainty from which 
hydrocarbon these oxidation products were derived. It may not 
be farfetched, however, to assume that they owe their formation 
to /i-phellandrene, for the presence of ji-terpinene, which might 
yield similar products, could not be ascertained by other methods. 

The acid sulphite compound, having been purified with alcohol 
and ether, was decomposed with soda solution, and the aldehyde 
distilled with water vapor and its constants determined: b.p. 97 
to 99° (7 mm.); dj,.0.9731; «„ -f 0°3'. Oxidized with chromic 
acid, the aldehyde yielded cuminic acid melting at 113 to 114°. 
Its semicarbazone melted at 210 to 211°, its oxime at 55 to 57 ‘). 

It was remarkable that the first fraction of the aldehyde should 
be slightly dextrogyrate -f ri3'). Upon oxidation, however, 
cuminic acid only resulted. Upon fractional crystallization of the 
semicarbazone there was obtained, in addition to laminar crystals 
of the cuminic aldehyde semicarbazone melting at 210 to 211 , 
another crystallizing in fine prisms that melted at 200 to 201 
(perilla aldehyde?). Upon oxidation of the underlying aldehyde 


») WalUch (Liebig’s Annalen *40 [1905], 6) gives the melting point as 58 
to 59° whereas Westenberger (Berl. Berichte 16 [1883], 2994) found it at 52°. 
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cuminic acid also was obtained. The oxime melted between 72 
and 76” (impure). Hence it may be assumed that, in addition to 
cuminic aldehyde, a hydrocuminic aldehyde is likewise present. 

The higher boiling portions of the oil that did not react with 
acid sulphite nevertheless had the typical odor of cuminol, hence 
still contained traces of aldehyde which were removed by repeated 
shaking with semicarbazide solution. From 12 kg. of cumin oil 
there were obtained about 20 g. that boiled between 100 and 115° 
(7 mm.), and the E.V. of which, after acetylation, was 211. Attempts 
to prepare characteristic derivatives were unsuccessful. Oxidation 
with permanganate, however, yielded cuminic acid melting at 112 
to 113". Inasmuch as the cuminic aldehyde had been carefully 
removed from the oil, this constituent must be cuminic alcohol. 
In addition to this alcohol there is present a small amount of a 
substance boiling between 90 and 107° (3 mm.). 

693. Oil of Celery Fruits. 

Oleum Apil graveolentls seminis. - SelteriesamenSI. — Essences de Semence 

de Cileri. 

Origin and Production. Volatile oil is contained in all parts 
of the celery plant, Apium graveolens, L., but most abundantly 
in the fruits. It is present in much smaller amount in the fresh 
herb though an oil can still be obtained from it. The roots and 
bulbs contain only traces. 

The fruits yield upon distillation with water 2.5 to 3 p. c. of a 
very limpid, colorless oil that has a strong odor and taste of celery. 

Properties, d,^. 0.866 to 0.894, mostly above 0.872; «j,-j 60 
to +82°; n„.„J.478 to 1.486; A.V. up to 4; E.V. 16 to 45; E.V. 
after acetylation') (2 determinations) 43 to 52; soluble in 6 to 
8 vol. of 90 p. c. alcohol, mostly with turbidity. Of 95 p. c. alcohol 
1 to 1.2 vol. are necessary, but occasionally even with this solvent 
the solution is opalescent. 

Compeeition. To the extent of at least 70 p.c. celery oil 
consists of hydrocarbons. An examination in the laboratory of 
Schimmel St Co.’) yielded a fraction that reached a constant boiling 

') According to |. Swenholt (Midland Drugg. and Pharm. Review 44 [1910], 
220) the acetylation number of the saponified oil is much lower than that of 
the original oil, a circumstance that is explained by the presence of sedanoiid. 

*) Report of Schimmel 6 Co. April 1892, 15; April 1910, 32. 
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point of 176 to 177°, «„ -|-107‘. Bromine yielded a solid bromide 
melting at 105°. Hence i-limonene is a constituent of celery oil. 
Other terpenes do not appear to be present. Pinene certainly is 
excluded since nothing passed over below 170'. This is important 
for it enables the detection of adulteration with turpentine oil. 

The amount of oxygenated constituents which provide the 
typical celery odor is much smaller than the amount of terpenes. 
Sometimes a separation takes place during the process of distillation, 
the heavier portions settling to the bottom in the receiving flask. 
Frequently, however, no heavy oil at all is obtained. This passes 
over but difficultly with water vapor, hence upon rectification of 
the oil remains behind in the still. 

It was such a residue, also the so-called heavy oils, which 
was used by G. Ciamician and P. Silber') in an investigation that 
revealed the following substances: — 

1) Palmitic acid; 2) a phenol with the properties of giiaiacol; 
3) a second phenol consisting of white needles melting at 66 to 
67° and having the composition CinHjoO,,; 4) a sesquiterpene (see 
below); 5) sedanolid, a lactone b.p. 185° (17 mm.). The 

corresponding hydroxy acid, sedanolic acid melts at 8 

to 89° and readily yields sedanolid. Oxidation revealed that 

sedanolic acid is an o-hydroxyamyl-3'’-tetrahydrobenzoic acid; 

6) Sedanonic acid anhydride, C,.jHi„0.,. Sedanonic acid C„M„0,, 
is an unsaturated ketoacid (m.p. 113°), namely o-valcryl-3-tetra- 
hydrobenzoic acid. Sedanolid and the anhydride of sedanonic 
acid are to be regarded as the constituents of celery oil which 
supply the characteristic odor. Their probable constitution is 
expressed by the following formulas; 



Sedanolid. Sedanonic acid anhydride. 

As was shown by an investigation made by Schimmel 8t Co.*), 
the sesquiterpene referred to above is not identical with any of 

^■VaerL Berichte 80 (1897), 492, 501, 1419, 1424, 1427. 

•) Report of Schimmel Co. April 1910, 33. 
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the known ones. Selinene, as the hydrocarbon has been named 
(from TO aCuvov, celery, Ger. Se/lerie) can readily be identified 
by means of its hydrochloride. In order to remove any phenols 
present, the respective fractions were shaken several times with 
5 p. c. caustic soda solution, and the separated hydrocarbon distilled 
over sodium, it distilled between 265 and 273°. The following 
constants were determined for this product: — 

I. Fraction: b.p. 120 to 121°(6 mm.); d,,,.0.9197; Uj, + 35° 11'; 
n„5,. 1.49863. 

II. Fraction: b.p. 121 to 122° (6 mm.); d„,0.9170; -f38°12'; 

n„2,. 1.4956. 

By passing hydrogen chloride into the ethereal solution of the 
hydrocarbon a good yield of solid chloride was obtained which 
crystallized in needles from the reddish-blue residue after 
evaporation of the ether. The addition of a small amount of alcohol 
and refrigeration in a freezing mixture greatly facilitated the 
crystallization of the chloride. Recrystallized once it melted at 
68 to 70°. Repeated recrystallization from methyl alcohol brought 
the melting point to 72 to 74°. 

The composition of the chloride agrees with the formula 
C|,H,i 42 HCl. It is optically active in the same direction as is 
the underlying hydrocarbon. The product recrystallized but once, 
m.p. 68 to 70°, in a 10.79 p.c. ethereal solution showed a specific 
rotation 7° 32'. The product that had been purified repeatedly, 
in a 4.07 p.c. chloroform solution showed a higher specific rotation 
of [«]„+18°. 

Upon removal of hydrogen chloride with sodium ethylate a 
hydrocarbon with the following properties was obtained: b.p. 268 
to 272° (the bulk at 268°); d„.0.9232; d,„.0.9196; «i, + 49°30'; 
nj)j„. 1.50483, mol. refr. found 65.82, computed for Ci,H54/j66.15. 
With hydrogen chloride the hydrocarbon, in ethereal solution, is 
again converted into the dihydrochloride, melting at 72 to 74°. 

Further investigation by F. W. Semmler and F. Risse*) has 
revealed that the natural selinene is a mixture, consisting principally 
of semicyclic pseudo-(/!#-)selinene and but little ortho-(a-)sermene. 

The same investigators have shown that it is advisable to 
pass a mixture of one part of hydrogen chloride and three parts 

■) Berl. Berichte « (1912), 3301, 3725; 4C (1913), 599. 
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of air into the ethereal solution of the sesquiterpene when preparing 
selinene dihydrochloride. This modification results in a better 
yield than when undiluted hydrogen chloride gas is used. They 
regenerated the selinene from its dihydrochloridc, not with the 
aid of sodium ethylate, but with a saturated methyl alcoholic 
solution of potassium hydroxide. Such a mixture was first set 
aside at room temperature for several hours, the temperature 
increased gradually, and finally heated on a water-bath. In this 
manner they obtained a sesquiterpene with the following properties: 
b.p. 128 tol32° (11mm.); d,,„.0.9190; 61‘’36'; n„ 1.50920. These 

figures agree well with the constants determined by Schimmel 8| Co., 
however, the angle of rotation is higher. 

As a result of their investigations, which cannot here be 
given in greater detail, Semmler and Risse proposed the accom¬ 
panying formula for the semicyclic ,CH, 


pseudo-/i-selinene. 

As to the relative amounts of the 
individual substances present in the oil, 

Schimmel i5| Co. have found that celery 
oil consists of at least 70p.c. of hydro¬ 
carbons, 60 p.c. being d-limonene and 
about 10 p.c. d-selinene. Alcohols that 
have not been further examined are 
present to the extent of 2.5 to 3 p.c. 

From the high boiling portions 2.5 to 3 p.c. of pure sedanoUd 
and 0.5 p.c. of sedanonic acid anhydride were isolated. 10 p.c. of 
the oil remain in the residue upon fractional distillation of the oil. 

According to ). Swenholt') the aqueous distillate contains 
acids the analytical value of which would seem to indicate 
sedanolic and sedanonic acid. 


\ 

C 

CH,CH 

H.c/N« '^■|CH., 

/HCl^/VCH, 

H,C CH, C 
CH, 


694. on of Celery Leaves. 

Oleum Apii graveolentls fellerum. - SellerlskrauliiL — Eeeeuce de Feullle* 
da Cileri. 

The oil distilled from the fresh herb’*) (yield about 0.1 p.c.), 
possesses the strong odor of fresh celery leaves to the fullest 

*) Midland Dmgg. and Pharni. Review 44 (1910), 220. 

*) Report of Schimmel 6 Co. October 1895, 62. 

Gti,De«Ei»T«, The voiATttE oils. 111. 21 
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extent. It is limpid and of greenish-yellow color; dj,.0.848 to 
to 0.880, the density being high when herb with fruits has been 
employed; to 60°; ni,.j„. 1.478 to 1.481; A. V. up to 3; 

E. V. 28 to 52; E. V. after acetylation 33 to 58. The solubility 
varies, some oils are soluble in 3 to 5 vol. of 90 p.c. alcohol, 
others require from 7 to 10 volumes. Occasionally a slight tur¬ 
bidity is noticeable. The oils are readily soluble in 0.5 vol. and 
more of 95 p.c. alcohol. 

An oil distilled in southern France from the herb and fruits 
of the wild celery (ache des marais), was light yellow in color 
and possessed a strong celery odor. It had the following con¬ 
stants*): d„, 0.8713; 58"30'; n^,,,. 1.47715; A.V. 1.8; 

E. V. 41.5; even with 95 p.c. alcohol a clear solution could not 
be obtained, the explanation for which was found in the strong 
resinification of the oil. Rectification with water vapor yielded 
a residue of 7.7 p.c. and an oil with the following greatly 
modified properties: d„,. 0.8541; ((„ -i 70 55'; n„._,„. 1.47489; 
soluble with slight turbidity in 6 and more volumes of 90 p.c. 
alcohol. 

An oil distilled in Algeria''*) from entire wild plants revealed 
the following properties: d„.0.8467; «j, + 69'’18'; A. V. 0; 
S. V. 16.7; E. V. after acetylation 20.9; with 15 vol. of 85 p.c. 
alcohol it yields a turbid solution, with 4.5 vol. of 90 p.c. alcohol 
a faint opalescence, and a clear solution in all proportions with 
95 p.c. alcohol. 

695. Oil of Celery Root. 

H. Haensel *) has distilled the peeled roots as well as the 
peelings with the attached rootlets. The oil from the roots 
proper showed u^, -f 36.5°, that of the peelings and rootlets 
20°. The total yield computed for the carefully washed and 
cleaned roots amounted to only 0.009 p.c. 

An oil distilled by Schimmel ^ Co. from herb and roots had 
the following properties: d,,.0.8816; «p + 23°40'; n^jj. 1.48393; 
A.V. 0.8; E. V. 47.7; soluble in 3.5 vol. and more of 90 p.c. 
alcohol. 

*) Report of Schimmel S Co. October 1909, 37. 

•) Bertchte von Roure-Bertr»nd Fils April 1912, 30. 

’) Apotheker Ztg. 16 (1901), 60. 
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696. Oil of Parsley. 

Oleum Petroeelinl. — PetersilienSI. - Essence de Persil. 

Origin. Parsley, Petroselinum sativum, Hoffm. {Apium 
Petroselinum, L., Carum Petroselinum, Benth. et Hook.), Ger. 
Petersilie, was originally indigenous to the Mediterranean countries 
and to central Asia, but it is now cultivated in almost alt tem¬ 
perate climates. 

Production. Volatile oil is contained in all parts of the plant 
but is particularly rich in the fruits. Upon di.stillation these 
yield 2 to 7 p.c. of oil which enters commerce as parsley oil 
or parsly seed oil. 

Properties. It is a colorless or yellowish or yellowish-green, 
viscid liquid, the odor of which, though it reminds of the herb, 
is quite distinct, d^. 1.043 to 1.101; ((„- 4"30' to —9''24'; 
n|,,„. 1.512 to 1.523; A. V. up to 6; E. V. 1 to 8; E. V. after 
acetylation 4 to 20; soluble in 4 to 8 vol. and more of 80 p.c. 
alcohol, exceptionally with turbidity. 

The oil from the German fruits is frequently, though not 
always, so rich in apiol, that it congeals to a semi-solid mass at 
ordinary temperature. French fruits, on the other hand, yield an oil 
much poorer in apiol. Small, poorly developed fruits, as a rule, 
yield an oil with lower specific gravity and higher angle of rotation. 

Composition. The principal constituent of the oil from the 
fruit is apiol, a phenol ether which, in more recent years, has been 
investigated by E. v. Gerichten'), J. Ginsberg“), and G. Ciamician 
and P. Silber’). its constitution was revealed by the two last- 
mentioned authors and by H. Thoms*). Properties and structural 
formula are recorded in vol. I, p. 490. 

According to v. Gerichten, fraction 160 to 164 of parsley 
oil*) has a specific gravity of 0.865 at 12“ and in a 100 mm. 
tube deviates the angle of polarization • 30.8 . When hydrogen 
chloride was passed into it no solid hydrochloride was obtained 


’) Berl. Berichte 9 (1876), 258, 1477. 

•) Ibidem 21 (1888), 1192, 2514 ; 23 (1890), 323. 

») Ibidem 21 (1888), 913, 1621; 22 (1889), 2481; 28 (1890), 2283. 

*) Ibidem 36 (1903), 1714. 

*) F. Grunting (Dissertation, Strassburg 1879) found the boiling point of 
the terpene at 158°, 


21 * 
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directly, but it resulted upon dilution with alcohol and spreading 
out in a thin layer. In this manner a small amount melting at 
115 to 116 ' resulted. That the underlying hydrocarbon is a-pinene 
was demonstrated by H. Thoms’), who obtained a nitrosochloride, 
m.p. lOS", from the lowest fraction (b.p. 156 to 160°) of a French 
parsley oil. 

Two additional phenol ethers have been found thus far in 
the French oil, which by no means proves that they are also 
contained in German parsley oil. 

A further investigation of the French oil, in which Thoms’) 
found pinene, yielded traces of palmitic acid (m.p. 62°) and of 
phenols, aldehydes and ketones not farther characterized. A 
large portion of the oil consisted of myristicin (see vol. 1, p. 489) 
which proved to be identical with that of nutmeg oil. Of deri¬ 
vatives dibromomyristicin dibromide (m.p. 130°) and /somyristicin 
(m.p. 44 to 45°) were prepared. C. Bignami and G. Testoni“) 
had previously obtained myristicinic acid upon oxidation of the 
same fraction of parsley oil and had inferred the presence of a 
compound with the formula now assigned to myristicin. 

Somewhat later Thoms*) succeeded in isolating a second 
phenol ether, the oxidation product of which, tetramethoxy- 
benzene-1-carboxylic acid, had likewise been obtained by Bignami 
and Testoni from the oil. Upon submitting the proper fraction 
to the temperature of solid carbon dioxide, \-allyl-2,Z,A,^tetra- 
methoxybemene, previously not observed in volatile oils, was 
separated (see vol. I, p. 492). 

According to H. Matthes and W. Heintz’), the fatty oil of 
parsley seeds contain small amounts of a hydrocarbon melting at 
69° and named petrosilane. Inasmuch as such hydrocarbons are 
volatile with water vapor the presence of petrosilane in parsley 
oil is probable. 

In order to ascertain what caused the difference in the 
apiol content of German and French parsley oil, Thoms*) under- 

>) Bert. Berichte 86 (1903), 3*53. 

*) ibidem 3*52. 

*) Guz. chim. itel. SO (1900), I. 2*0; Chem. Zentralbl. 1900, I. 975. 

*) Berl. Berichte 41 (1908), 2753. 

*) Berichte d. deutsch. pharm. Ges. 18 (1909), 325. 



Oil of Parsley Herb. 


325 


took to investigate by means of cultural experiments whether 
external conditions, such as methods of culture, climate, 8ic. 
exercised any influence. The results of these experiments are 
of interest in several directions. Of French seeds part was 
distilled directly (Oil 1), another portion was sown in Dahlem 
during the spring of 1904. The fruit harvested in the fall of 
1905 was distilled in February 1906 (Oil 11). As shown by the 
data tabulated below, the difference in the composition of the 
two oils are but slight. It should be mentioned, however, that 
appreciable differences might be expected only after a succession 
of cultural periods. 

Oil I Oil II 

.1.03 1.07 

Terpene content.abt. 5p.c. abt. 5p.c. 

Acid mixture (principally palmitic acid) 0.1746 p.c. 0.876 p.c. 

Phenols.0.184 p.c. 2.51 p.c. 

Principal fractions under 15 mm. pressure 

а) 160 to 165".28 p.c. 25 p.c. 

б) 165 to 170°.47 p.c. 35p.c. 

697. Oil of Parsley Root. 

The root of parsley contains but very little oil. According 
to Schimmel 5 Co.') the yield from the distillation of dry roots 
amounted to 0.08 p.c., that of fresh roots 0.05 p.c. 

d„. 1.049 to 1.1012; «i, 4 - r24'. Even at ordinary tempera¬ 
ture the oil separates crystals, presumably of apiol. 


698. Oil of Parsley Herb. 

The oil of the herb'-) (yield from the fresh herb 0.016 to 0.3 p. c.) 
is limpid and of greenish-yellow color. It has the odor of fresh 
parsley, which is noticeable in the oil of the fruit only to a slight 
degree. The properties of the oil vary with cultural varieties, 
the character of the herb (flowering, non-flowering, with fruit, 
first, second or third cutting); d,„.0.9023 to | 

to -+-4'’10'; nj„„. 1.509 to 1.525; A.V. up to 1.0; E. V. 5 to 14; 
E.V. after acetylation 19 to 68. In 95 p.c. alcohol |t is soluble 


') Report of Schimmel S Co. April 1S94, 55. 

•) Comp. Report of Schimmel 6i Co. October i8»», o2. 







326 


Family; Umbelmfera;. 


in wellnigh all proportions. In 90 p.c. alcohol the oils do not 
always dissolve to a clear solution, some oils, however, yield an 
opalescent to turbid solution with even 2 to 4 volumes. Two oils 
of the herb with flowers and fruits just formed had the following 
properties: 3,^,0.9578 and 0.9252; n„—2"47' and — 0°46'. 

699. Oil of Cicuta virosa. 

The fruits as well as the roots of the very poisonous Cicuta 
virosa, L., water hemlock, Ger. Wasserschierling, contain volatile oil. 

Oil. OF THE FRUITS. 

Upon distillation of the dried fruits, collected in fall, j, Trapp‘) 
obtained 1.2 p.c. of an almost colorless, limpid oil, which was 
lighter than water and had the odor and taste of oil of cumin 
from Cutninum Cyminum, L. 

Shaken with .sodium acid sulphite solution it yielded a solid 
compound that had the composition of cuminal hydroxysulphonatc 
of sodium. The portion of oil not attacked by the bisulphite solution 
yielded a fraction 176" that consisted of cymene, yielding cymene 
sulphonic acid when treated with fuming sulphuric acid. 

Hence the oil of Cicuta virosa contains the same con¬ 
stituents found in the oil of Cuminum Cyminum, viz., cuminic 
aldehyde and cymene. 

Oil from the roots. 

Upon distillation the roots yielded 0.12'‘) to 0.36*) p.c. of 
an oil the odor of which reminded of water fennel and celery, 
and the specific gravity of which was 0.870 at 18°. It differs 
completely from the oil obtained from the fruits, containing 
neither cymene, nor cuminic aldehyde. By means of fractionation 
a dextrogyrate terpene, boiling at 166°, “cicutene" was isolated. 
When hydrogen chloride was passed into cicutene a hydro¬ 
chloride was obtained which did not congeal to a solid mass 
until it was placed in a freezing mixture. In all probability 
cicutene is not a chemical individual but consists of a mixture 
of several terpenes (pinene and phellandrene?). 

’) lourn. f. prakt. Chem. 74 (1858), 428.—Arch, der Pharm. 281 (189.3), 212. 

*) E. Simon, Liebig’s Annalen 31 (1839), 238. 

“) A. H. van Ankum, )ourn. f. prakt. Chem. 105 (1868), 151. 
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The oil from the root was formerly regarded as poisonous. 
That this is not the case was demonstrated by E. Simon') with 
experiments upon animals. 

700. Oil of Cicuta maculata. 

Upon distillation the fruits of Cicuta maculata, L., a poisonous 
plant widely distributed on the North American continent, yield 3.8 
to 4.8 p.c. of a volatile oil'^) that has the odor of Chenopodiuni 
anthelniinticum and a specific gravity of 0.840 to 0.855. The 
principal portion of the oil boils between 176 and 183' and 
consists of terpenes as was revealed by the analysis of fractions 
176 to 178.5'' and 178 to 183'. 

701. Oil of Caraway. 

Oleum Carvl. Kiirameliil. - Essence de Carvi. 

Origin and Production. Caraway, Carum Carvi, L., Ger. 
I\'uinmel, which occurs wild in northern and central Europa 
and in several of the South European countries, also in various 
parts of Asia, is cultivated, more particularly in Holland, for 
its aromatic fruits. The caraway fruit, the „Kummer’ of com¬ 
merce is used either as such as spice or in the preparation of 
“Kiimmel”, the liqueur, or distilled for its volatile oil. 

In order to exhaust the caraway completely of its oil, the 
fruits are crushed between revolving rollers. When crushed, 
the fruits should be distilled at once, otherwise they will suffer 
considerable loss of oil. At the beginning of the distillation an 
appreciable development of hydrogen sulphide becomes notice¬ 
able, as to the causes of which there is some doubt. This 
phenomenon, observable also in connection with other umbelli¬ 
ferous fruits, was noticed as early as 1823 by Planche''). 

Modern stills (fig. 50, vol. I. p. 238) have a capacity of 
about 2500 kg. caraway which is made to yield its oil com¬ 
pletely in 6 to 8 hours. Formerly it was rather common to 
distill the fruit in its entire condition, a practice that still seems 

') Liebig’s Annalen Sl (1839), 258. See also L. H. Pammel, Pharm. 
Rundsch. (New York) 18 (1895), 103. 

“) R. Glenk, Americ. )oum. Phanti. 68 (1891), 330.—F. P. Stroup, ibidem 
<W (1896), 236. 

’) Trommsdorffs Neues fouin. der Pharm. ? (1823), I. 358. 



to obtain, in part, today. In this manner the fruits are not 
exhausted completely, hence the yield is smaller, a difference, 
however, which is more than equalized by the sale of the dried 
fruits. These are used in the production of cheese and as 
adulterant. — Distilled caraway differs from the fresh by its 
darker color, the wellnigh absence complete of odor and taste, 
and by the shrivelled appearance of the fruit. Under the micro¬ 
scope the cross section reveals the empty oil reservoirs and 
the ruptured cells of the outer layer. 

The exhausted, crushed caraway is dried in special appa¬ 
ratus‘) and is used as nutritious and highly valued fodder for 
animals. According to a series of analyses made in the Agri¬ 
cultural Experiment Station in Mockern, near Leipzig®), the dried 
caraway fodder contains 20 to 23.5 p.c. crude protein, 75 to 
85 p.c. of which is digestible, and 14 to 16 p.c. fat. 

The oil yield varies according to the geographic source of 
the fruit. For the various commercial varieties of caraway 
Schimmel 8i Co. ascertained the following average values; — 


Bavarian, wild . . 

6.5 to 7 p.c. 

Norwegian, wild . . 

. 5 

to 6.5 p. 

German, cultivated . 

. 3.1 „ 5 „ 

East Frisian . . . 

. 5.5 

.. 6 „ 

Bohemian .... 

. 5.3 

East Prussian, cultivated 5 

6.2 „ 

Finnish, wild . . . 

• 5 „ b „ 

Russian, wild . . . 

. 3.2 

„ 3.6 „ 

Galician .... 

4.5 

Swedish, wild . . . 

. 4 

„ 6.5 ,. 

Hessian, wild . . 

■6 „ 7 „ 

Styrian. 

. 6 


Dutch, cultivated . 

. 4 „ 6.5 „ 

Tirolese, wild . . . 

. 6.5 


Moravian .... 

• 4 

Wurttemberg, wild . 

. 5.5 

»» ^ <* 


For the purpose of distillation the Dutch, Norwegian, and 
East Prussian caraway come into consideration. The caraway 
cultivated in other places of northern Germany is not suitable 
for oil distillation, in spite of its good appearance, because the 
oil content is low. 

As to the profitability, yield is not the only factor, but the 
quality of the oil as well which is judged by its carvone content. 
This, in turn, is indicated by the specific gravity. It may happen 

’) Muspratt-Stohmann, Technische Chemie. IV. ed. Leipzig 1888. 
vol. I. p. 67. . 

• ®) Uhlitzsch, Die landwirtschaftl. Versuclisstationen 43(1893), 48; comp, 
akso P. Honcamp, Sichsische landwirtschaftl. Zeitschr. 1907, 953. 
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Fig. 24. Mowing of caraway in Holland. 
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that the distillation of a caraway with a low yield of oil with 
higher density pays better than that of a fruit with large oil 
yield but lower density. 

Por the preparation of carvone (carvol, Ohum Carvi of the 
Hh. G. IV.) caraway oil is fractionated either in vacuum or with 
steam. When the density has reached 0.960 the fraction is 
collected separately as carvone. The by-product containing 
limonene, the "carvene”, has a specific gravity of 0.850 and 
finds use as a cheap soap perfume. 

Production and Commerce. Detailed figures are available only 
for Holland, the principal producing country. As for the other 
producing districts, East Prussia, Scandinavia and Finland, scarcely 
any statistical material has been published'). 

According to the official Dutch reports, most of which have 
been republished in the Report of Schimmel 8i Co., the areas 
cultivated in the several provinces, the average yield per hectare, 
and the total crop are as follows: — 


iwj iW) moj 

Hcct.nres Bales Bale.'. 


North Holland 
Seeland . . . 
North Brabant 
Groningen . . 
Friesland. . . 
South Holland 
Utrecht . . . 
Total: 


pro ha total 

2019 23.7 47884 
825 22.b 18648 
770 19.5 15001 
434 22.1 10914 
2b 23.3 606 

209 23.8 4964 

12 30.0 360 

4295 22.9 98377 


IW laoti 100(1 

Hectares Bales Bales 
j)fO ha total 

1961 20.7 40509 
763 21.8 16632 
732 21.3 15622 
947 24.1 22698 
49 19.5 955 

175 2,3.9 4184 

0 25.0 225 

4636 21.8 100825 


1*07 1907 1907 

Hectares Bales Bales 

pro ha. total 

2200 22.7 49957 
703 25.4 17834 
655 20.6 13504 
1162 25.7 29892 
33 23.0 760 

163 23.9 3901 

9 20.0 180 

4925 23.6 116028 


1008 l<»8 1008 

Hectares Balcb Bales 

pro lis total 


North Holland 
Seeland . . . 
North Brabant 
Groningen . . 
Friesland. . . 
South Holland 
Utrecht 


1874 20.2 37864 
736 28.6 21063 
674 23.4 15775 
922 25.2 23206 
22 22.3 491 

173 25.6 4427 


. .. 4 20.0 80 

Total: 4405 23.3 102m 


looo lOOQ looo 
Hectares Bales Bales 
pro ha. total 

2806 23.4 65785 
1131 24.1 27275 
817 23.0 18777 
2024 25.8 52259 
50 24.2 1 212 

276 22.6 6232 

10 20.0 200 
7114 24.1 171740 


1410 1910 1910 

Hectares Bales Bales 
pro tia. total 

2517 22.2 55872 
1291 26.8 34653 
864 23.0 19822 
2696 22.9 61723 
68 25.4 1 726 

252 23.4 5906 

5 22.0 110 

7693 23.3 179812 


‘) The export from Finland for the year 1898 via Abo amounted to 
61096 kg., via Kotka 29040 kg. Report of Schimmel 6 Co. April HtflO, 8. 
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i<»n 

1911 I9II 

1912 1912 

1912 19IJ 


IQI.I 

Hectares 

Bales Bales Hectares Bales 

Bales Hectares 

Bales 

Bales 


pro iia. total 

pro ha. 

total 

pro Iia 

total 

North Holland 2440 

24.2 64617 

1068 20.7 

22069 1712 

21.3 

;j6544 

Seeland . . . 1268 

28.3 35845 

541 18.5 

9990 866 

22.8 

19777 

North Brabant 870 

26.3 22870 

229 17.4 

3980 409 

19.6 

8023 

Groningen . . 3329 

30.9 102631 

1026 19.8 

20288 2273 

21.0 

47713 

Friesland... 62 

32.2 1 996 

40 19.9 

797 54 

23.9 

1291 

South Holland 252 

24.2 6108 

87 21.3 

1852 211 

21.5 

4532 

Utrecht ... 9 

20.0 180 


•/ 

19.0 

,38 

Total: 8230 

28.5 234247 

2991 19.7 

58976 5.527 

21.3 

117918 

The exports of caraway fruit from Holland amounted to: 

1900 . . 

4092 Tons 

1907 . 

6286 Tons 


1901 . . 

. 7167 „ 

1908 . 

. . 5429 „ 



1902 . . 

. 5354 

1909 . 

. . 8312 



1903 . . 

. 5549 „ 

1910 . 

. . 6149 „ 



1904 . . 

. 6351 ., 

1911 . 

. . 8988 „ 



1905 . . 

. 4669 „ 

1912 . 

. . 4298 „ 



1906 . . 

. 5952 „ 

1913 . 

. . 6635 „ 




The price per bale of 50 kg. fluctuated between 
Highest price: 24 f. in February 1908, 

Lowest price: 11 f. in the summer of 1911. 

Properties. Hormal caraway oil is a colorless liquid which 
develops a yellow color in the course of time. Is has a caraway 
odor and a mild, spicy taste. The specific gravity lies between 
0.907 and 0.918. Oils with a lower density are rare and of lesser- 
value because of insufficient carvone content. ((„ i 70 to | 80°. 
Specific gravity and optical rotation are in inverse proportion; 
hence the angle of rotation is the higher, the lower the specific 
gravity. n„.,„ol.484 to 1.488. Carvone content 50 to 60 p.c. (see 
assay method on p.337). In 70 p.c. alcohol oil of caraway is but 
sparingly .soluble. With 2 to 10 vol. of 80 p.c. alcohol (crude oils 
sometimes yield a slightly opalescent solution) and with an equal 
volume of 90 p. c. alcohol it yields clear solutions. 

The carvol or carvone of the caraway oil {Oleum Cam of 
the Ph. G. IV, the fifth edition assigns the name Oleum Cam' 
to the normal oil) has a specific gravity of 0.963 to 0.966 and 
Oj,-f 57 to -f 60°30'; n„j„. 1.497 to 1.500. The advantage of the 
carvone over caraway oil lies in its double strength (intensity of 
odor and taste), and in its more ready solubility in dilute alcohol. 
It is miscible with 90 p. c. alcohol in all proportions, of 70 p. c. 
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alcohol 1 to 2 vol. are required, and of 50p.c. alcohol from 15 
to 20 vol. are requisite for its complete solution at 20°. The 
solubility of carvone in 50 p. c. alcohol is a good criterion of its 
purity inasmuch as the presence of 2 p.c. limonene (carvene) 
prevents the formation of a clear solution in 20 vol. thereof. 

Caraway oil and particularly carvone assume a yellow color •' 
upon standing, the oil becoming more viscid and dense. If to 
a solution of 1 ccm. of such a carvone in an equal volume of 
alcohol a few drops of a very dilute solution of ferric chloride 
be added, a violet color results which, however, disappears upon 
the addition of more reagent. The freshly distilled oil does not 
yield this color reaction. 

Composition, in 1840 K. VolckeP) ascertained the presence 
of an oxygenated substance and of one free from oxygen. The 
bearer of the caraway odor, hence of the principal constituent, 
is oxygenated, its composition agrees with the formula 
and was formerly designated carvol"). 0. Wallach“) changed the 
name to carvone in order to express its ketone character. A 
good caraway oil contains 50 to 60 p.c. of carvone. Concerning 
its chemical properties, jts constitution and derivatives, see 
vol. I, p. 439. 

The hydrocarbon boiling at 175" and named carvene by 
E. Schweizer^), according to Wallach’s') investigations, is d-//mo- 
nene (m. p. of tetrabromide 104 to 105°). 

The odor of carvene obtained by fractionation differs con¬ 
siderably from that of pure limonene, but assumes the lemon¬ 
like odor of limonene when it is deprived of admixed carvone 
by treatment with phenylhydrazine acetate and shaking with a 
dilute solution of potassium permanganate. 

Three other substances, which together constitute but 1 to 
2 p.c. of the oil (one half thereof consisting of alcoholic bodies), 
have been found by Schimmel Co.*). They are; — 

') Liebig's Annalen 85 (1840), 308. 

’) Ibidem 85 (1853), 246. — ). H. Gladstone, )ourn. Ctiem. Soc. Sa (1872), 

I etseq.', Pharmaceutical )ourn. III. 2 (1872), 746; (ahresber. f. Chem. 1872, 815. 

”) Liebig's Annalen 277 (1893), 107. 

*) lourn. f. prakt. Chem. 24 (1841), 257. 

■■') Liebig’s Annalen 227 (1885), 291. 

") Report ot Schimmel S Co. April 1905, 19. 
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Fig. 25. Tying of caraway garb* (Holland). 



Fig. 26. Threshing of caraway in the field (Holland). 
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1. A small amount of a base') possessing a narcotic odor 
which was not further examined. 

2. Dihydrocarvone with the following properties; b. p. 221” 

(735.5 mm.); dn,0.9297; <(,, — 1618'; 1.47107. The oxime 

prepared according to 0. Wallach and F. KerkhofF*) melted at 89 . 
During the crystallization from alcohol it was observed that upon 
standing the needles which crystallize out first change into 
thick prisms, a change first noted by Wallach''). For further 
characterization the dibromide C,(|H,jBrO-HBr, was prepared 
according to Wallach*) by means of hydrogen bromide in glacial 
acetic acid and bromine. The melting point agreed with that 
recorded by Wallach, viz., 69.5 to 70.5'. 

3. Dihydrocarveo! was isolated from fraction 94 to97.5 (6 mm.) 

(d,,,.0.9365; - 0’50'; nj,,,„, 1.48618; S.V. after acetylation 210). 

In order to purify the alcohol this fraction was benzoylated by 
means of benzoyl chloride in the presence of pyridine, the 
product exhausted with steam and the residue saponified. The 
alcohol thus obtained had the following properties: b. p. 100 to 
102" (7 to 8 mm.); 8,^.0.9368; Uj,—6" 14'; n,,.^,,,, 1.48364. These 
properties, also its odor, revealed great similarity with those of 
dihydrocarvcol prepared from carvone; d,,,,0.9343; «„ -f 18" O'; 
n„j„, 1.4822. Inasmuch as the phenylurethane could not be made 
to crystallize, the alcohol was oxidized to dihydrocarvone accord¬ 
ing to Wallach’s") directions with chromic acid and glacial acetic 
acid. Inasmuch as the oil liberated from the bisulphite compound, 
possessed the pure odor of dihydrocarvone, it was converted 
into the oxime. Recrystallized twice from alcohol, this melted 
at 88 to 89”. A mixture of this oxime and the oxime of 
/-dihydrocarvone likewise melted at 88 to 89". This shows that 
the alcohol examined is dihydrocarvcol. 

According to A. Blumann and 0. Zeitschel “), carveol, 
C,„H„OH, also occurs in caraway oil. 


') Such bases are also found in the oils of other umbelliferous fruits 
such as anise oil and ajowan oil. 

*) Liebig’s Annalen 2<» (1893), 116. 

•') Ibidem 279 (1894), 381. 

') Ibidem 28« (1895), 127. 

•') Ibidem 275 (1893), 115. 

"1 Berl. Berichte 47 11914). 2628. 
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The aqueous distillate resulting during the distillation of the 
oil contains acetaldehyde, methyl alcohol (b. p.; m. p. of oxalate). 
[urfuro! (b. p.; m. p. of phenylhydrazone; color reactions with 
aniline and /j-toluidine) and diacety! (m. p. of osazone 243 
m.p. of diacetyldioximc 234.5°)'). 

The ferric chloride reaction peculiar to old caraway oils, 
referred to under "Properties”, is probably due to the formation 
of a phenol resulting from the decomposition of carvone''')- Up 
to the present time, however, the proof is wanting that upon 
the oxidation of caraway oil by the atmosphere any phenol 
whatever is formed. 

Formation of Caraway Oil in the Plant. In order to get some 
idea as to the order in which the several constituents of caraway 
oil are formed in the plant, Schimmel § Co.“) have distilled the 
latter in different stages of growth and examined the oils. 

0/7 No. /. From the fresh plants partly in flower, partly 
bearing fruits; d,5,0.882; «„ +65‘’12'; n„j;. 1.48306. 

on No. 2. From the fresh plants, same as above, but after 
the flowers and fruits had been removed, d.^. about 0.88 (an 
exact determination not made because of the small amount of 
material); <«„ +20°36'; n„„, 1.5083. 

on No. 3. From fresh plants after the flowering stage but 
before the fruits had fully matured: d, 5 ,,0.9154; «„ f63°6'; 
n^i, ,1.48825. 

The odor of oil No. 2 reminded but very little of caraway. 
It contained neither limonene nor carvone in amounts that could 
be detected. The small amount of oil available sufficed for a 
boiling temperature only. It began to boil at 195° when the 
thermometer rose rapidly to 230°. Between 230 and 270° about 
65 to 70 p.c. of the oil came over. In the flask there remained 
a resinified residue. 

Oils Nos. 1 and 3 are comparable in this that both were 
obtained from the entire plants. As to specific gravity they 
reveal considerable differences. The fractionation of the two 
oils yielded the following results: — 


') Report of Schimmel & Co. October 1S99, II, 
') Fluckiger, Arch, der Pharm. 222 (1884), 362. 
") Report of Schimmel 9 Co. October 1886, 16. 
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No. 1 

No. .3 

175 to 178 ’ . . . 

. 45 p.c. 


178 „ 185’ . . . 

. 21 „ 

24.1 p.c 

185 „ igo” . . . 

. 4.5 „ 

17.8 „ 

190 „ 220 ' . . . 

. 5.6 „ 

220 „ 235 . . . 

. 4.8 „ 

46.6 „ 

235 „ 240' . . . 

. 6.4 „ 

5.5 ., 

240 „ 270" . . . 

. 9.2 „ 


Residue and loss . 

. 3.5 „ 

0 


The distillation residue of both oils congealed to a crystalline 
mass. In addition to resinous products it contained a hydro¬ 
carbon which crystallized from hot alcohol in white scales that 
melted at 64’. It probably belongs to the paraffin series. 

The difference between the two oils becomes apparent at 
once. Whereas in No. 1 the terpene fractions predominate and 
the carvone fraction is relatively small, the latter predominates 
in No. 3. The entire carvone fraction of the first oil yielded 
about 0.2 g, of pure crystalline carvoxime, thus emphasizing 
the low carvone content of this oil. On the other hand the 
carvone fractions of No. 3 supplied a good yield of carvoxime. 

The result of these fractionations would, therefore, seem 
to indicate that the carvone content is smaller the earlier in 
its development the plant is distilled; it is highest in the oil 
distilled from mature material. For the terpene content the 
reverse holds true. Thus it seems probable that the plant first 
produces the terpene and from this the oxygenated constituent. 

Both oils contain in fraction 240 to 270° a substance with 
a high specific gravity that is wanting in normal caraway oil. 
This compound, which does not possess the properties of 
a phenol and does not yield a color reaction with ferric 
chloride, has not yet been prepared in a pure state. As to 
its relation to the other constituents of the oil nothing whatever 
is known. 

Examination. In commerce caraway oils are frequently met 
with from which the valuable carvone has been extracted in part. 
On the other hand we often find under the designation “carvol", 
oils from which only a part, but not all, of the limonene has 
been removed. 
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Such products are easily recognized by their specific gravity, 
which deviates from the normal. In the evaluation of carvol its 
solubility in 50 p.c. alcohol should likewise be considered. 

The carvone content, and hence its value, of a caraway oil 
can be computed from its density by adopting 0.964 as the 
specific gravity for carvone and 0.850 as that for limoncne, or 
more correctly as that for the non-carvone constituents of the 
oil. If a is the specific gravity of the oil to be examined, h the 
specific gravity of one of the components (limonene) and c the 
difference in the specific gravity between that of carvone (0.964) 
and that of limonene (0.850), the amount of the other com¬ 
ponent (carvone) .v is obtained in percentage by means of the 
following equation: 

(a-Z>)100 

c 

This assay method, which suffices completely for practical 
purposes, is based on the assumption, not quite correct, that 
carvone and limonene are the only components of the oil. 

Another assumption is that the oil has not been adulterated, 
which, however, occurs occasionally. Thus |. Henderson') describes 
an oil that was adulterated with castor oil. According to its 
density it was computed to contain 54 p. c. of carvone, but 
contained only 29 p.c. of this ketone. It is more exact, therefore, 
to resort to a carvone assay in all cases. The sulphite method 
(vol. I, p. 584) has proven the most satisfactory. As against 
the oxime method of Kremers and Schreiner (vol. I, p. 589) it 
has the advantage of greater accuracy and easier execution. 

Alcohol is an adulterant that is often used in connection 
with both caraway oil and carvone. It creates the impression 
that the consumer has a very readily soluble oil in hand 
especially adapted to the manufacture of liqueurs. Hence the 
test for alcohol (vol. I, p. 612) should never be omitted. 

702. Ajowan Oil. 

Origin and Production. Carum Ajowan, Benth. et Hook. 
(Ptychotis Ajowan, D.C.; Carum copticum, Benth.) is an 
annual umbelliferous plant which is cultivated in India from 

•) Pharmaceutical journ. (1909), 6t0. 

GaDeMr.i8TeR, Tur. vOLATiit oils. III. 
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the Punjab to Bengal and to South Deccan'). It also grows in 
Egypt, Persia and Afghanistan®). The brownish-gray fruits 
resemble those of parsley, but differ from these in their rough 
surface and a different odor. The ajowan fruits distilled in 
Europe are exclusively of Indian origin and, for the most part, 
enter commerce by way of Bombay. The principal market in 
India is said to be Marwar in Rajputana. In India the plant is 
known as ajwan, ajwani, omum or owatn. The thymol crystals 
which separate from the oil are known in the bazaars as ajwan 
ka-phul, that is, flower of ajowan. Thymol, the aqueous distillate 
(omum water), also a fatty oil to which ajowan oil has been 
added, are used extensively in India as remedies, more particularly 
against cholera. 

The comminuted fruits upon distillation yield 3 to 4p.c. 
of oil which is used exclusively for the production of thymol. 
The high fat content of the exhausted and dried fruits makes 
them an excellent fattening fodder for cattle. They contain 15 to 
17 p.c. protein and 25 to 32 p.c. of fat®). 

Properties. Ajowan oil is an almost colorless or brownish 
colored liquid with a pronounced thymol odor and a sharp, 
burning taste, from which part of the thymol crystallizes at 
ordinary temperature. d,j. 0.910 to 0.930; aj, slightly dextro¬ 
gyrate to -fS'’; n„.^„. about 1.500; phenol content 45 to 57 p.c. 
(determined with 5 p.c. caustic soda solution); insoluble in 1 to 
2.5 vol. and more of 80 p.c. alcohol. 

Composition. The principal constituent, thymol (see vol. I, 
p. 471), was discovered almost simultaneously by R. Haines*) 
and ). Stenhouse"). As stated, it crystallizes in part from the 
oil and can be removed completely by shaking with aqueous 
sodium hydroxide. 

') G. Watt, Dictionary of the economic products of India. Calcutta 1889. 
vol. 2. p. 198. 

*) |. C. Sawer, Odorographia. London 1894. vol. 2. p. 150. ■ 

") Uhlitzsch, Die iandwirtschaftlichen Versuchsstationen 43 (1893), 52. — 
F.Honcamp u. T. Katayama, ibidem (1907), 105. — F. Fioncamp, SSchsische 
landwirtschaftl. Ztschr. 5» (1907), 953. 

•) journ. Chem. Soc. 8 (1856), 289; Jahresb. d. Chem. 1866, 622. 

») Liebig's Annalen SB (1855), 269 and 98 (1856), 309. 
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Of the remaining portions of the oil, about one-half consists 
of hydrocarbons which are sold under the name “thymene" as 
a soap perfume. 

This thymene is a mixture of cymene*) and several terpencs 
which have been examined by Schimmel S Co.“). 

For this investigation 500 kg. of thymene were taken which 
were fractionated into 5 parts. 

The bulk of fraction 1 boiled between 170 and 175'. In 
those portions which boiled between 165 and 170° the presence 
of a-pinene was demonstrated (m. p. of nitrosochloride 103 to 104°; 
m. p. of nitrolbenzylamine 123 to 124"). This fraction consisted 
principally of p-cymene (m. p. of hydroxy /sopropyl benzoic 
acid 155 to 156°; m. p. of /i-propenylbenzoic acid 159 to 160°). 
Moreover, cymene was found in all fractions of thymene. 

Fraction 3 boiled between 179 and 181° and contained 
dipentene (m. p. of dihydrochloride 48 to 49"; m. p. of nitro¬ 
sochloride 104 to 105°; m. p. of nitrolpiperidide 152 to 153°). 

Fraction 5 also boiled between 179 and 181'. It yielded 
a chloride that melted at 52’. However, this was not identical 
with the chloride melting at 48 to 49°, for a mixture of the 
two chlorides melted at the temperature of the hand. From 
both chlorides the hydrocarbon was regenerated by removing 
the hydrogen chloride with aniline. Only the hydrocarbon from 
the dihydrochloride melting at 48 to 49° yielded a handsomely 
crystallizing tetrabromide, m. p. 123 to 124°, which when 
mixed with dipentene tetrabromide suffered no melting point 
depression. The hydrocarbon obtained from the dihydrochloride 
melting at 52° yielded with nitrogen oxide, a terpinene nitrosite 
melting at 155°. Upon oxidation of the fraction with perman¬ 
ganate there resulted the erythrol, m. p. 236 to 237°, which, 
according to Wallach’), is obtained from y-terpinene. Boiled 
with diluted sulphuric acid there resulted a mixture of phenols 
consisting of equal parts of thymol and carvacrol. Hence one 
can pass synthetically from “thymene” to thymol, the principal 
constituent of ajowan oil. 


Joum. Chem. Soc. S (1856), 289; )ahresb. d. Chem. l«i«, 622. 
’) Report of Schimmel If Co. October 1#09, 14. 

») Liebig’s Annalen 862 (1908), 308. 


22* 
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The terpinenc nitrosite, m. p. 155°, which is characteristic 
for (f-terpinene, could not be obtained directly from the fractions. 
Neither could a positive phellandrcne test be obtained for any 
of the fractions. Hence phellandrene, which is a constituent 
of the oil from the herb, is not contained in the fruits. Of the 
three terpenes, «-pinene, dipentenc, and /-terpinenc, the latter 
predominates by far. 

703. Oil of Ajowan Herb. 

The oil from ajowan herb has been distilled by Schimmel 
Co.'). The yield from the fresh herb cultivated at Miltitz 
amounted to 0.12 p.c. The light brownish oil had a specific 
gravity of 0.8601 (15") and an optical rotation of 0°4r. It 

was soluble in about 6 vol. of 90 p.c. alcohol with abundant 
separation of paraffin. As contrasted with the oil from the fruits 
it contained very little Ihymof (about 1 p. c.). Of the other con¬ 
stituents a small amount of pheifandrene was the only one to 
be identified. 


704. Persian Cumin Oil. 

According to C. M. Holmes") the F^ersian cumin fruits, which 
some time ago appeared in the London market, are derived from 
Carum gracife, Lindl. (C. nigrum, Royle; family Umbettifenc). 
They are exported from Bender Abbas and Bushir"). In Bombay 
they are known as zeerah siah whereas the ordinary cumin fruit 
from Cuminum Cyminum is there known as zeerah suffed. 
They have been studied anatomically by C. E. Sage^) who supplies 
illustrations of the entire fruit also of the cross section with the 
aid of which this drug can readily be differentiated. 

Upon distillation, Persian cumin yielded 2 p.c. of oil with 
the following properties: d 0.911; «j, j-7°; n 1.4980. It contained 
18 p.c. of afdehyde (bisulphite assay) and had a more pleasant 
odor than ordinary cumin oil. 

‘) Report of Schimmel S Co. October ItHKl, 78. 

") Perfum. Record 4 (1913), 43. 

“) Dipl, and Cons. Rep. London Mo. 3951, 1908. 

*) Perfum. Record 4 (1913), 46.- 
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705. Oil of Anise. 

Oleum Anisi. - Anisiit. — Essenoe d'Anis. 

Origin &nd Production. Tiie anise plant, PimpirwHa Anisuni, L., 
family Umbellifene, comes originally from the Orient, but is now 
being cultivated in almost all parts of the world. The European 
market is supplied principally by Russia, but anise is also pro¬ 
duced by Germany, Scandinavia, Bohemia, Moravia, France, 
Holland, Bulgaria, Turkey, Cyprus and Spain. 

Most of the anise distilled comes from Russia where it is 
cultivated in the governments of Woronesh') (districts of Birjutch, 
Ostrogoshsk and Wolniki) Kursk, Charkow, Cherssoii, Podolia 
and Tauria“). 

A part of the crop is distilled on the spot, the remainder 
is either consumed as such in Russia or exported. Commercial 
centers for anise are Krassnoye and Alexejevka (government 
of Woronesh). Anise is cultivated principally by farmers'). 

The de.sjatine") as a rule yields 50 poods'), under favorable 
climatic conditions up to 100 poods anise fruits. If, however, it 
is wet during the flowering period, the yield drops as low as 
20 to 25 poods: — 

Anise Cultivation and Harvest in Hussia from 1890 to 1913”). 


Year 

Area in 

Appr. harvest 

Yc.lr 

Area in 

Appr. harvc.st 

Ucsiatines 

in poods 

JcsjatmcH 

in poods 

1890 

. . 5000 

150000 

1902 . 

, . 5000 

250000 

1891 

. . 3700 

50000 

1903 . 

. . 5600 

87000 

1892 

. . 2500 

22000 

1904 . 

. . 3300 

32000 

1893 

. . 4000 

100000 

1905 . 

. . 4000 

130000 

1894 

. . 4500 

140000 

1906 , 

. . 4900 

160000 

1895 

. . 6000 

180000 

1907 . 

. . 5400 

170000 

1896 

. . 8000 

240000 

1908 . 

. . 5400 

170000 

1897 

. . 4500 

110000 

1909 . 

. . 4300 

200000 

1898 

. . 4900 

160000 

1910 . 

. . 5500 

200000 

1899 

. . 3700 

... 

1911 . 

. . 4600 

129000 

1900 

. . 4800 

190000 

1912 . 

. . 3600 

110000 

1901 

. . 5700 

125000 

1913 . 

. . 3300 

— 


*) Concerning the cultivation and commerce of anise in the government 
Woronesh a detailed account will be found in the Report of Schimmel t( Co. 
October 1918, 22. 

"I Comp. W. ). Kovalevski, Die ProduktivkrSfte Pusstands. German 
edition by E Davidson. Leipzig 1898, p 322; see also A. Bazaroff and 
N. Monteverte: Die wohtriechenden Pfiamen imd die Stherischen Oie, which, 
however, appeared in the Russian language. 

») 1 Desjatine = 109,25 Ar. 

‘) I Pood = 16,38 kg. 

') Report of Schimmel & Co. October 1918, 27. 
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The Russian anise exported to Germany enters that country 
for the most part via Stettin, whereas Hamburg is the port 
through which Spanish and Turkish anise are imported. 

Production. The anise fruits owe their odor and taste to 
their volatile oil content. They yield their volatile oil completely 
only then when they are crushed before distillation. 

The following table reveals the different geographical varieties 
with their respective oil yields: — 


Bulgarian. 

... 2.4 p.c. 

Chilian. 

... 1.9 to 2.6 p.c. 

Italian (Bologna) . . . 

... 3.5 p.c. 

„ (Puglia) .... 

. . . 2.7 to 3 p.c. 

Asia Minor. 

. . . 2.75 p.c. 

Macedonian. 

. . 2.2 p.c. 

Moravian. 

... 2.4 to 3.2 p.c. 

Mexican. 

... 1.9 to 2.1 p.c. 

East Prussian .... 

... 2.4 p.c. 

Russian. 

... 2.2 to 3.2 p.c. 

Spanish. 

... 3.0 p.c. 

Syrian. 

... 1.5 to 6.0 p.c. 

Thiiringian. 

. ... 2.4 p.c. 


These rather appreciable differences are not always attri¬ 
butable to variations in the fruits themselves, but frequently to 
admixtures, intentional or unintentional, up to 30 p.c., such as 
stems, foreign seeds, particles of earth, small stones, 8(C. It is 
said that in Russia and Moravia earth is specially formed into 
particles resembling anise both as to size and color. They can 
be detected readily if a sample of the drug in a beaker is 
covered with chloroform or a concentrated solution of common 
salt. In this event the particles of earth remain at the bottom 
and the fruits rise to the surface. 

The amount of inorganic admixture can be ascertained by 
an ash determination. Pure anise yields 7 to .10 p.c. of ash. 

The exhausted anise is dried in specially constructed appa¬ 
ratus') and is highly prized as a high-grade food for cattle on 
account of its protein and fat content. According to analyses 
made at the Agricultural Experiment Station at Mockern near 


*) Muspratt-Stohmann, Technische Chemit. IV. ed. Braunschweig 1888. 
vol. 1, p. 67 to 70. 
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Leipzig, these anise residues contain 17 to 19 p.c. protein and 
16 to 22 p.c. fat‘). 

Noteworthy is the hydrogen sulphide developed during the 
distillation. 

Properties. At slightly more than ordinary temperature 
(above 20°) anise oil is a colorless, strongly refractive liquid of 
a peculiar odor and a pure, intensely sweet taste. In the cold 
it congeals to a snow-white crystalline mass, which begins to 
melt at 15° or more aiid which completely liquifies at 18 or 20". 
Under certain conditions the oil can be cooled considerably below 
its congealing point without solidifying and can remain for a 
long time in this condition. However, a particle of dust, contact 
with an anethol crystal, a violent disturbance, or scratching of 
the inner surface of the vessel with a glass rod cause sudden 
crystallization with an appreciable rise in temperature of the 
entire mass. The highest point on the thermometer immersed 
in the mass is known as the congealing point, inasmuch as 
this is dependent on the anethol content of the oil, this congealing 
point is a valuable criterion in the evaluation of the oil. It lies 
between 15 and 19° and in the case of good oils not below 18°. 
The technique of the congealing point determination, which in 
the case of anise oil and anethol is preferable by far to the 
melting point determination on account of its accuracy, is des¬ 
cribed in detail in Vol. I, p. 563. 

The specific gravity is determined for the liquid oil at 20°; 
d.j„. 0.980 to 0.990. Anise oil deviates the angle of polarized 
light slightly to the left, up to — r50' (difference from 
fennel oil and fennel stearoptene which deviate polarized light 
to the right). nBj„J.557 to 1.559. In order to effect complete 
solution with 90 p.c. alcohol to 3 vol. are required. 

From star anise oil anise oil differs only in odor and taste. 
The reaction with alcoholic hydrogen chloride described under 
Star Anise Oil, Vol. II,- p. 402, does not yield reliable results. 

If anise oil is exposed for longer periods to the action of 
light or air (more particularly in the liquid condition) its capacity 

‘) Uhlitzsch, Ruckstinde der Fabrikation Stherischer 0/e. Die landwirt- 
scbaftltchen Versuchsstationen (1893), 29. — f. Honcamp, Die HOckstSnde 
der it/Krisc/ten Offa/irikation and itir Wert a/s Futtermitte/. Slchs. land- 
wirtschafti. Zeitschr. 8i> (1907), 953, 
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to crystallize is diminished') and finally it will no longer con¬ 
geal*). This phenomenon is attributed to the formation of oxy- 
dation products (anisic aldehyde and anisic acid), also of polymers 
(photoanethol, di-/ 0 -methoxystilbenc, m.p. 214 to 215°). At the 
same time the index of refraction is reduced and the specific 
gravity increased. The latter can increase to such an extent 
that the oil becomes heavier than water. At the same time the 
oil becomes more readily soluble in 90p.c. alcohol. 

If anise oil or star anise oil or anethol (abt. 2 g.) are 
evaporated in a capsule on a waterbath a comparatively high 
residue, 9 to lOp.c. of non-volatile residue is obtained. This 
is viscid, odorless, no longer tastes sweet and probably consists 
for the most part of photoanethol or di-/)-methoxystilbene, a 
substance, which, according to the investigations of G. do Varda-'), 
also of P. Horing and K. P. Gralert*) results from the action of 
light on anethol"). 

Composition. Oil of anise consists principally of two isomeric 
substances C,oH,jO, namely, of anethol, which is solid at tem¬ 
peratures slightly lower than ordinary, and of liquid methyl- 
chavicol"). 

Anethol, which constitutes between 80 and 90 p.c. of anise 
oil is the bearer of the characteristic properties of the oil and 
hence its most valuable constituent. It constitutes snow white 
lamina; or flakes and melts at 22.5° to a colorless liquid which 
is highly refractive, optically inactive, with a pure anise odor 
and of an intensively sweet taste, its specific gravity is 0.984 
to 0.986 at 25°. 

Methylchavicol is likewise optically inactive and has an 
anise-like odor without, however, possessing the sweet taste of 

') This behavior was known as early as the beginning of the nineteenth 
century and is mentioned by Flagen, Lehrbuch der Apothekerkunst. VI. ed. 
(1806), vol.2, p.441. 

*) According to E. Grimaux anethol likewise looses its capacity to 
crystallise by prolonged boiling (Bull. Soc. chim. III. 15 [1896], 779). 

“) Gazz. chim. iUI. 21 (1801), I. 183; Berl. Berichte 2* (1891), Referate, 564. 

‘) Berl. Berichte 42 (1909), 1204. 

*) Comp. Vol I, p. 476. 

") Report of Schimmel 8; Co. October 1895, 7. Bouchardat and Tardy 
later verified the occurrence of methylchavicol (estragol) in Russian anise oil. 
(Compt. rend. 129 [1896], 624.) 
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anise. The properties of methylchavicol and anethol, also their 
derivatives, have been described in Vol. I, pp. 475 and 476. 

G. Bouchardat and E. ). Tardy*) claimed the presence of 
fenchene in anise oil. It was shown later*) that the anise oil 
examined by them had been adulterated with oil of fennel. Still 
later Tardy’) repeated his examination with unobjectionable 
Russian material and, like Schimmel 8) Co., found that fenchene 
is not present in anise oil. 

According to Bouchardat and Tardy-’), also Tardy'), j/ 7 /se 
ketone is another constituent of the oil. This substance they 
characterize as follows: a limpid liquid boiling at 263"; d„, 1.095; 
m. p. of semicarbazone 182"; the odor reminds somewhat of 
bitter almond oil. It combines with sodium acid sulphite and, 
when exposed to air, oxidizes to acetic acid and anisic acid. 
The same products result upon oxidation with potassium 
permanganate. For this reason Tardy assigns the formula 
C„FI<(OCH„)CH 2 COCHj to the ketone. 

In its properties it agrees with the /)-methoxyphenyl acetone 
of A. Bdhal and M. Tiffeneau*). The oximes of both melt at 72". 
Furthermore the ketone C„H<(OCFi,,)CFI.,COCH,„ obtained by 
P. Toennies'’) from anethol has the same boiling point, 264 ’, as 
anise ketone. 

In addition to acetaldehyde, the first fraction of anise oil 
contains malodorous sulphurated products, possibly also mere 
traces of terpenes. In how far these substances may be attri¬ 
buted to impurities in the .seed, which are always present, cannot 
be conjectured. 

Adulteration and Examination. As some of the more crude 
adulterants observed thus far, the oils of turpentine, cedarwood, 
copaiba, gurjun balsam, also alcohol, spermaceti and fatty oils 
may be mentioned. All of these adulterants are indicated by 
determining the physical constants of the oil, viz., specific 
gravity, optical rotation, solubility and congealing point. 

*) Compt. rend. 182 (1896), 198. - Bull. Soc. chim. III. l& (1896), 612. 

*) Report of Schimmel h Co. April 1H96, 8. 

*) Thise pour t'obtention du dipidme de Docteiir de I'Universiti de 
Paris, p. II (1902). 

‘) Bull. Soc. chim. III. 25 (1901), 275. 

“) Berl. Berichte 80 (1887), 2984. 
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Especially common is the cutting of anise oil with fennel 
oil and fennel oil stearoptene. However, even small amounts 
of these are detected by their dextrorotation in the polariscope. 
Under all circumstances dextrogyrate oils should be rejected. 

In the taking of a sample for testing the oil care should 
be exercised to melt the oil completely and to mix it thoroughly 
to a homogeneous liquid. 

Here also attention should once more be directed to the 
changes wliich a normal oil undergoes when carelessly kept 
and which have been described on p. 343 under “Properties”, for 
these must at times be taken into account when rendering a report. 

The best criterion for a good oil is its congealing point 
which for normal oils fluctuates between 15 and 19" and which 
is found mostly at about 4 17". 

706. Oil of Pimpinella saxifraga. 

The root of pimpernel, Pimpinella saxifraga, L., Ger. weiBe 
Pimpineliwurzel (family Umbelliferae), yields 0.025' p.c. of a 
golden-yellow oil with a penetrating and unpleasant odor that 
reminds somewhat of parsley seed oil, and with a bitter, rasping 
taste'), d,,. 0.959. it begins to boil at 240°), the thermometer 
rising to 300°. Above this temperature some oil still passes 
over but with considerable decomposition'*). 

The root of Pimpinella nigra, Willd., Ger. schwarze Pimpineli¬ 
wurzel, yields 0.38 p.c. of a light blue oil that floats on water and 
the odor of which is less penetrating than that of the foregoing 
oil. Exposed to the sunlight, even in closed containers, for 
several weeks it becomes green'*). 

707. Oil of Slum cicutasfolium. 

From the fresh herb of Siam cicutasfolium, Gm. (family 
Umbelliferae) which grows in South Dakota, F. Rabak*) obtained 
0.5 p.c. volatile oil. It was light yellow in color, had a strong 
odor of caraway reminding at the same time of turpentine oil. 

*) L. F. Bley, Trommsdorff's Neues |oum. der Pharnt. 12 (1826), II. 63. 

*) Bericht von Schimmel S Co. April 1890, 37. 

") L. F. Bley, Trommsdorff’s Neues )oum. der Pharm. 18 (1826), II. 43. 

*) Midland Drugg, and Pharm. Review 43 (1909), 5. 
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With 6 vol. of 90 p. c. alcohol it yielded a turbid solution, 
dj,. 0.8447; aj,4"63'’40'; A.V. 0; E.V. 33, corresponding to 
11.55 p.c. ester CjjHjjOCOCH,. As contrasted with the original 
oil, the acetylated oil revealed no increased ester value, hence 
free alcohols are not present. The strong dextrorotation indicated 
the presence of d-limonene. Fuchsine solution as well as silver 
nitrate indicated the presence of aldehydes. 

708. Oil of Seseli Bocconi. 

From the umbelliferous plant Sese/i Bocconi, Gussone (Bubon 
siculus, Spr.; Crithmum sicuium, Hoccon) L. Francesconi and 
E. Sernagiotto’) distilled 0.295 p.c. of a volatile oil with a density 
of 0.8475 (27 ). \-Pinene and il-phellandrene appear to be the 
principal constituents of the oil. The roots contain but little oil. 

709. Samphire Oil. 

French Oil. 

The several parts of the plant of Crithmum maritimum, L., 
Ger. Seefenchei (family Umbelliferm), were distilled by F. Borde’*). 
Of material collected during the first part of August, after flower¬ 
ing had about ceased, the leaves and stems yielded 0.3 p.c., 
the fruits 0.7 p.c. of oil; the same material collected during the 
second half of August yielded 0.15 and 0.8 p.c. respectively, and 
that collected about the middle of September 0.154 and 0.7 p.c. 
respectively. The oil distilled from the leaves and stems was 
denser than that from the fruits; it is of a dark yellow color and 
possesses an aromatic, pungent odor reminding of the plant. The 
crushed fruits yield a light yellow oil, which, if the fruit is distilled 
after having been dried, has a pleasant odor. 

Oil from leaves and stems: d^. 1.0374 to 1.0519; (t„")6°42' 
to 8° 15'. Ojl from fresh fruits: d«. 0.9661 to 0.9730; «„’')5 ’27’ 
to 6“ 12'. Oil from the dried fruits: d,. 0.9581; «„“)8"9'. 

*) Atti R. Accad. del Lincei, Roma (5), 80, II. (1911), 481: Chem. Zentralbl. 
1»13, I. 422. 

*) Bull. Sciences pharmacol. 16 (1909), 132: Chem. Zentralbl. 1909,1.1566. 
— Older literature; G. Lavini and H. Herouard, Mem. delia Reaie Acc. deiie 
Scienze di Torino 25,13; )oum. de Pharm. et Chim. IV. S (1866), 324. 

•) The sign (-f- or —) is wanting in the original. 
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According to M. Delepine’) the French oil contains d-pinene 
(m.p. of terpin hydrate 116', m.p. of pinene hydrochloride 130°), 
dipentene (m.p. of nitrolpiperidine 152°) and yo-cymene (m.p. of 
/)-hydroxy/sopropyibenzoic acid 157'; m.p. of p-toluic acid 177°). 

In fraction 210 to 214" Delepine found thymol methyl ether, 
a substance which had not previously been found in a volatile 
oil, neither were other ethers known to occur, whereas those of 
carvacrol occur frequently. By treating this methyl ether with 
hydrogen bromide in glacial acetic acid solution he obtained 
thymol. In addition this fraction contains small amounts of other 
substances: phenols, a high-molecular fatty acid, and an alcohol 
that has the odor of roses, which, however, could not be inve¬ 
stigated because of the small amount available. 

As principal constituent of the oil Deldpine'*) identified diU- 
apiol with the following constants: b.p. 294 to 295" (corn) with 
slight decomposition, 157 to 158" (com.) (under 13 mm. pres¬ 
sure); dyr 1.1644; np.jj. 1.52778; mol. refr. found 59.20, computed 
58.28. For better characterization he prepared the tribromide, 
C,._.HiaBrO,Br,, melting at 110". By heating the dillapiol with 
sodium ethylate he converted it into the dill /soapiol melting at 
44". By oxidizing the dillapiol with iodine and mercuric oxide 
he obtained dimethoxy-2,3-methylene-dioxy-4,5-hydratropic alde¬ 
hyde, C„H „04 ■ CH(CH.,)CHO, a liquid that boils at 189" (17 mm. 
pressure) with the following properties: d'/. 1.2407; n^jj. 1.53191; 
mol. refr. found 59.79, computed 58.96; m.p. of the oxime 102°; 
m.p. of semicarbazone 148". When oxidized with silver oxide 
the corresponding acid, C,|H |,04 CH(CH,)CO,jH, resulted which 
melted at 119". 

Inasmuch as the oil contains 40 to 60 p.c. of dillapiol, it 
affords a cheap and abundant first material for the production 
of this heretofore difficultly available compound. 

The physiological action of the oil has been studied by 
). Chevalier*). 


■) Compt. rend. 150 (1910), 1061. - Bull. Soc. chim. IV. 7 (1910), 468. 
’) Compt. rend. 140 (1909), 215. — Comp, also F. Borde, Etude pharma- 
cognostique du Crithmum maritimum L. Lons-Ie-Saunier 1910. 

’) Compt. rend, des stances de la Soc. de Biologte 68 (1910), 306; Report 
of Schimmel St Co. October 1010, 113. 



Samphire On.. 


349 


Italian Oil 

Different from the French in composition is the Italian oil 
which has been investigated by L. Francesconi and E. Sernagi- 
otto^). The oil, obtained in the island of Sardinia by distillation 
of the entire plant, was reddish-yellow, had a parsley-like odor 
and showed a slightly acid reaction. The yield (from fresh herb?) 
amounted to O.lbp.c.; d.,„.0.9816; 3.18"; n„t.4978; S.V.6.5; 

E.V. after acetylation 11.24. Upon slow steam distillation the oil 
was separated into a readily volatile portion (d 0.8611) and a 
difficultly volatile portion (d 1.1463). From the latter a paraffin 
m.p. 63” separated upon cooling. The balance consisted of diU- 
apiof. judging from its optical constants, the more volatile portion 
consisted principally of monocyclic terpenes with two double 
bonds. The leaf oil was the richest in these constituents. 

The most volatile fraction, when treated, in glacial acetic acid 
solution,withnitrosylchloride,yielded,/i-phcllandrcncnitrosochloridc, 
as was proven by its conversion into 3' ’'-dihydrocuminic aldehyde. 
The (J-phellandrenc is to be found in the first fractions only. 

In the higher-boiling, inactive portions, more particularly in 
those boiling at 113 to 115” (30 mm.) a hitherto unknown terpene 
has been found which the authors name crithmene. It has the 
following properties: b. p. 178 to 180 (759 mm); d,.^. 0.8679; 
n„ 1.4806. It yields an ((-nitrosochloride melting at 103 to 104". 
In addition crithmene yields a nitrosite (m.p. 

89 to 90 ) and a nitrosate (m.p. 104 to 105”). 

When crithmene nitrosochloride is decom¬ 
posed with alcoholic potassa there results 
a nitrogenous substance free from chlorine 
melting at 131°, also a nitrogenous substance 
melting at 53 to 54°. By passing hydrogen 
chloride into a glacial acetic acid solution of crithmene, trans- 
terpinene dihydrochloride resulted thus revealing it as a derivative 
of />-cymene. It is inactive but not a racemic mixture, hence the 
presence of asymmetric combinations in the crithmene molecule 
would seem excluded. Comparing crithmene and its derivatives 
with the other terpenes and their derivatives, Francesconi and 


C:CH., 

H.,c/ 

H.,C ^CH., 
'C;C(CH„), 

Ctithmene. 


■) Atti R. Accad. del Lincei, Roma (5), 32,1. (1913), 231, 312, .382; Chem. 
Zentralbl. 1«13, I. 1685, 1686,1687. 



350 


FAMILY: UMBElLIFER-e. 


Sernagiotto arrive at the conclusion that crithmene is 
/j-menthadiene of the formula reproduced above. 

p-Cvroene also occurs in the Sardinian oil. 

710. Oil of Fennel. 

Olaiim FiBnioull. - Fenchelii. — Essence de Fenoull. 

Origin. Fennel, Fcuniculum vulgare, G. {F. capillaceum, Gili- 
bert; Anethum Foeniculum, L.) is a stately umbelliferous plant 
which is cultivated on account of its edible root, but more parti¬ 
cularly on account of its fruits, in Germany (around Liitzen), 
Moravia, Galicia, Bukovina, Moldavia, Roumania, Bessarabia, 
Podolia, Macedonia, France, Italy, India, )apan, and many other 
countries. The area that supplies most of the fennel for distil¬ 
lation is the border territory of Galicia, Bukovina, Moldavia, 
Bessarabia and Podolia. For Roumania and Southern Russia, 
Novo Seliza on the Pruth is the shipping point, for Southern 
Galicia Skala on the Zbrucz, a tributary of the Dnieper. The 
fruits of these several countries differ greatly not only in their 
exterior appearance*), structure**), size, and color, but also as 
to the composition of the oils distilled from them. These diffe¬ 
rences are so great that they are possibly unequalled by those 
of the varieties of any other plant. 

The oil distilled from the Liitzen, Roumanian, Galician, Mora¬ 
vian and japanese fennel is characterized by the bitter-tasting 
fenchone, which, together with the anethol, causes the charac¬ 
teristic odor of fennel. Fenchone is wanting in the sweet or 
Roman (French) and in Macedonian fennel. On the other hand 
anethol is contained in traces only or not at all in the wild 
bitter fennel. 

In the several fennel oils the most varying terpenes are found. 
The Liitzen fennel contains pinene and dipentene, wild bitter 
fennel phellandrene and Macedonian fennel limonene. Thus it 
becomes apparent that under the designation fennel oil products 
of very different properties are comprised. 

*) Descriptions, with illustrations, of the several kinds of commerdal 
fennel are given by |.C. Umney: The commercial varieties of fennel and their 
essential oils. F’harmaceutical |ourn. 58 (1897), 225. 

•) Comp. C. Hartwich and A. Jama, BtitrSge zur Kenntnis des Fenchels. 
Berichte d. deutsch. pharm. Ges. 19 (1909), 396. 
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In the following account the designation Oil of fennel is 
restricted to the Oleum Faeniculi of the German Pharmacopoeia, 
the ordinary fennel oil of commerce, such as is obtained from 
the distillation of Lutzen, Roumanian, Moravian and Galician fennel. 

Production. The yield depends largely upon the purity of the 
fruits. This is particularly influenced by added earthy material, 
which in the case of the Galician drug sometimes amounts to 
more than 30 p.c. The adulteration with the fruits of Meum 
athamanticum, |acq. pointed out by C. Hartwich and A. )ama') 
is not likely to occur in the wholesale trade. 

The principal commercial varieties, when crushed, afford the 
following oil yields: — 

1. Saxon fennel (Lutzen) . . yield 4.4 to 5.5 p.c. 

2. Galician „ „ 4 „ 6 „ 

3. Moravian.. „ 3 „ 

4. Roumanian fennel ... „ 4.6 „ 

The distillation residues are a valuable fodder for animals. 
(See oil of caraway p. 328.) When dried they contain 14 to 22 p.c. 
of protein and 12 to 18.5 p.c. of fat.^) 

Properties. At average temperature oil of fennel constitutes 
a colorless or faintly yellowish liquid possessing a peculiar fennel 
odor and a taste which at first is bitter and camphor-like, but 
afterward sweet, dij. 0.965 to 0.977; t 11 to I 20”, rarely up 
to +24°: nj,.^„. 1.528 to 1.538. The congealing point of a good 
fennel oil, which is determined as described in Vol. 1, p. 563, does 
not lie below +5° (if the oil has-been subcooled to +3') and 
rises to + 10°. With poorer qualities -f- 3° may be regarded as 
the lower limit of the congealing point. The oil is soluble in 5 
to 8 vol. of 80 p.c. alcohol (occasionally with slight turbidity), 
and in 0.5 vol. of 90 p. c. alcohol. 

Composition. AnethoF), which crystallizes out in the cold 
is the constituent longest known (see Vol. I, p. 476). Oils of good 
quality contain about 50 to 60 p. c. of this substance. Characteristic 


‘) Comp. C. Hartwich and A. lama, BeitrSge zur Aenntnis des FencheJs. 
Berichte d. Putsch, pharm. Ges. 19 (1909), 403. 

^ Uhlitzach, Die landwirtschaftlichen Versuchsstationen 42 (1893), 36. — 
F. Honcamp, Die BuckstSade der Sthemchea Olfabrikation und ihr Wert als 
Futtermittei. Sichs. landwirtschaftl. Zeitschr. 65 (1907), 953. 

*) Details may be found under History of fennel oil in vol. I, p. 174. 
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for the oil is a second compound, contained in fraction 190 to 
192", with its intensely bitter and taste of camphor*). According 
to the investigations of 0. Wallach and F. Hartmann it is a 
ketone. Originally il had been named fenchol, but later was 
designated hnchone. Its properties and derivatives have been 
described in Vol. I, p. 458. 

Of terpenes ordinary fennel oil contains d-pinene, camphene, 
(t-phellandrene and dipentcne. Pinene was identified in fraction 
157 to 160° (dj, i 4r58') by its nitrosochloride and nitrol- 
benzylamine ni.p. 122’*)“). 

A fraction with similar boiling point was used for the 
identification of camphene '). Upon hydration by means of glacial 
acetic acid f sulphuric acid, a yellowish oil resulted with the 
odor of /sobornylacetate. Under 12 mm. pressure it distilled 
over, for the most part, between 62 and 108° (the bulk at 65°). 
Saponification of those portions that passed over above 95° with 
alcoholic potassa and distillation of the saponification reaction 
mixture with water vapor, yielded a colorless crystalline mass 
which possessed the odor of /soborneol, and which, after four 
or five recrystallizations from petroleum ether, melted at 208 to 
208.5". It was impossible to cause the /soborneol to melt higher. 

Phellandrene was found in a fraction with the following 
constants: d,„,,.0.8733; «„-|-34°34'; n„.jj„J.47186; b.p. 49.2 to 
55' (7 mm.). The crude nitrite, obtained with a rather poor yield, 
was deprived of its grossest impurities by triturating it with a 
cold mixture of methyl alcohol and ether, and then recrystallized 
from acetic ether. Repeated crystallization yielded the a-nitrite 
of a-phellandrene, which resulted in fine colorless needles, 
m.p. 114° (when heated slowly) or 119° (when heated quickly). 
The specific angle of rotation of this nitrite in chloroform solu¬ 
tion was found to be [a]j,—133.4°. 

From the mother liquors of the a-nitrite the |i-nitrite of 
a-phellandrene was precipitated with 60 p. c. alcohol. Upon 
resolution in acetic ether and reprecipitation and frequent 
repetition of these processes the /^-nitrite of o-phellandrene was 

*) Bericht von Schimmel S Co. April 1890, W. 

*) Liebig’s Annalen 259 (1890), 321 and 303 (1891), 129. 

“) Report of Schimmel 6 Co. April 1906, 37. 
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obtained in felty needles grouped in stellar formation, which 
melted at 103 to 104“ but were not pure. Mevertheless the 
dextrorotation of the nitrite in chloroform solution was established 

After ten fractionations a fraction boiling at 180 was obtained 
which, when shaken with hydrogen bromide in glacial acetic acid 
solution, yielded dipentone dihydrobromide melting at 94\ and 
upon bromination dipentene tetrabromide') -) melting at 123 to 124 . 

E. Tardy*) claimed the presence of cymene without, however, 
supplying sufficient proof. Schimmel S Co.*) have demonstrated 
that it is not a constituent of fennel oil. 

The fraction which ought to have contained cymene (b.p. 17o.2 
to 180.5“ [762 mm]; «„ i 23 56') was oxidized with cold 1 p.c. 
permanganate solution. In order to remove the fenchone, which 
cannot be gotten rid of by oxidation, from this fraction it was 
converted into the oxime melting at 161 whereupon the hydro¬ 
carbons were separated from the fenchone oxime by steam 
distillation. The yellowish oil which passed over was then 
oxidized farther with 1 p.c. permanganate whereby the optical 
rotation was gradually reduced. Of the 76 g. of oil used there 
iinally remained but 2.5 g., the «„ of which was t 12" 10'. This 
oily residue was heated with a solution of 5.04 g. of potassium 
permanganate in 140 g. water on a water bath. The oxidation, 
however, failed to yield either /r-hydroxy/sopropyl benzoic acid, 
a characteristic derivative of cymene, or terephthalic acid. Only 
a very small amount of a brownish-yellow oil, which could not 
be characterized any farther resulted from this reaction. Hence 
/)-cymene does not occur in fennel oil. 

According to Tardy^) fennel oil also contains methyl chavico! 
(b.p. 213 to 215“; anisic acid; rearrangement to crystallizable 
anethol), and anise ketone"). To this Tardy assigns the formula 
CH„0 • QH, • CH.r CO ■ CH,,. It boils between 260 and 265", yields 
a solid compound with acid sulphite and is oxidized to anisic 
acid and acetic acid. The semicarbazone melts at 182’. 

') Bericht von Schimmel 6 Co. April 1H90, 20. 

*) Report of Schimmel S Co. April HKMl, 38. 

") Bull. Soc. chim. III. 17 (1897), 660. 

*) Loc. cit. 

") See also under anise oil, p. 345. 

CllOCMEISTtR, Tut VOLATILL OILS. III. 23 
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In the first fractions of fennel oil are to be found aldehydes. 
also traces of a basic constituent which has a disagreeable 
pyridine-like odor, yields a faint pyrrol reaction, also a platinum 
double salt difficultly soluble in water*). 

Anisic aldehyde and anisic acid, the oxidation products of 
anethol that are found in every anethol-.containing oil, have likewise 
been detected in oil of fennel. 

Examination. Special attention should be directed to oils which 
have been deprived of part of their anethol by fractionation or 
freezing. The congealing point of such oils lies below +3°, which 
is the lowest permissible limit. Alcohol, the presence of which 
has been observed occasionally, becomes noticeable through the 
lowering of the specific gravity, as does also the addition of 
turpentine. 

Two oils which had been deprived of most of their anethol 
by freezing, showed the following properties; dj^.0.9543 and 
0.9381; 26“33' and +24°45'; 1.50930 and 1,50939; 

congealing point — 15° and — 5.5°. 

So-called light fennel oil, /. e., fennel oil that has been freed 
of its anethol eontent by freezing or fractionation is apt to fall 
within the following constant limits: dj^.0.884 to 0.955; 42 

to 51°; soluble in 1 to 7 vol. and more of SOp.c. alcohol. The 
richer such an oil is in fenchone, the greater both density and 
optical rotation. 

In order to ascertain the changes that result in the congealing 
point from an increasing anethol content, 5, 10, 15 and 20p.c. 
of anethol were added to an oil. 

Fennel oil.cooled to + 3", Cong, pt 5.25°'*) DiHeren« 


+ 5 p.c. anethol „ 

11 3°i 11 

11 6.1° 

0.85' 

+ 10 11 „ 11 

11 + 3°i 1, 

.1 6.6° 

1.35 

+15 „ 1, „ 

. 11 -|“ 3°, „ 

.1 7.4° 

2.15 

“f" 20 „ „ „ 

11 + 3°, „ 

11 8.0° 

2.75 


In judging a fennel oil its age and the conditions of storage 
must be taken into consideration for oxidation and polymerization 
phenomena^) cause no inconsiderable changes, more particularly 


') Report of Schimmel & Co. i^rii 1006, 37. 

*) The same oil cooled to about — 0,5° congealed at about 4,5°. 

’) Comp. Report of Schimmel & Co. October 1904,42 and November 190S, 70. 
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in the specific gravity and congealing point. (See analogous 
changes produced in anise oil as described on p. 344.) 

The fennel oils hereinafter described are of scientific rather 
than practical interest. 

Oil from Sweet or Roman Fennel. 

The variety of fennel, formerly differentiated as Faeniculum 
du/ce, D.C. which is cultivated in southern France yields 2 to 
3 p.c. of oil upon distillation. It is characterized by its high 
anethol content and the absence of fenchone. d„. 0.976 to 
0.980‘); ai, + 5° to 16°30'“); congealing point -f 10 to + 14.5". 

Oil from Macedonian Fennel. 

This oil closely resembles the sweet fennel oil. It has a 
pure sweetish taste and a high anethol content. Yield 1.7 to 
3.8 p.c. d]5.0.970 to 0.980; «„ | 5 to | 12"; congealing point 
T 7 to -f-12'. 

Fenchone is absolutely wanting in Macedonian fennel oil. 
The terpenes boil between 170 to 180°. With glacial acetic 
acid and .sodium nitrite fraction 170 to 175' (a,, + 57°53') yielded 
a slight but distinct phellandrene reaction. Upon bromination 
fraction 175 to 180° («],-f 64" 33') yielded ///no/rewe tetrabromide 
melting at 104 to 105". FIcnce the oil contains rf-phellandrene 
and {/-limonene'"). 

Oil from the Wildgrowing Bitter Fennel. 

The bitter fennel which grows wild in France, Spain and 
Algiers, yields upon distillation about 4 p.c. of volatile oil; 
d,,. 0.905 to 0.925; to 68". 

The principal constituent of bitter fennel oil is a terpene 
discovered by A. Cahours-') and more closely examined by 
N. Bunge*), which 0. Wallach’) recognized as d-u-pheUandrene. 
The higher-boiling fractions taste slightly bitter, hence may be 


*) ). C. Umney, Pharmaceutical |oum. 5S (1897), 226. 

*) Observations made in the laboratory of Schimmel £( Co. 
*) Liebig's Annalen 41 (1842), 74. 

*) Zeitschr. f. Chemie 5 (1869), 579. 

*) Liebig's Annalen 239 (1887), 40. 


23* 
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regarded as containing some fenchone. Anethol is either no 
present at all or in but small amount. 

E. Tardy') has found in French bitter fennel oil a crystalline 
compound melting at 213”. He suspects that it may be a 
coumarin-like compound which has resulted from the action ot 
anisic aldehyde or anisic and acetic acids. Probably it is nothing 
more or less than di-p-methoxy stHbene, ni. p. 214 to 215which 
results when anise oil is exposed to light (see p. 344). 

Upon fractionation of a larger quantity of French bitter fennel 
oil Scliimmel Co.-) observed that fine crystals separated from 
the higher fractions as well as from the residue. These crystals 
were readily deprived of adhering oil by washing with petroleum 
ether, and after recry.stallization from acetic ether were obtained 
in white, broad needles. From alcohol they crystallized in stunted, 
bold crystals melting at 164 to 165 . 

On. FROM CHIMESC FF.NNEF. 

The fruits of Chinese fennel have been described in detail 
by L. Kosenthaler"), w'ho obtained, upon distillation, 3.34 p.c. of 
oil, concerning which nothing more is known. 

Oil from Indian Fennel. 

This oil is distilled from the variety known as Fceniculum 
Panmorium, D. C. The yield is 0.72*) to 1.2 p.c.; d, 5 .0.968*) to 
0.973; ((„ 1 21' *); m.p. 18.2 ’*). It contains fenchone and anethol. 

Oil from )apanese Fennel. 

japanese fennel is recognized by the smallness of the fruits, 
which, in commerce, are also known as Japanese anise. The 
oil closely resembles the German fennel oil. Yield 1.8 to 2.7 p.c.*’); 
d,5.0.968 to 0.976; ((j, -i 10") to i 16°; congealing point -| 9°. 
The oil contains fenchone and anethol. 

') Bull. Soc. chim. III. li (1897), 661. 

*) Report of Sctiimmel S Co. April 1901, 13. 

°) Berichte d. deutsch. pharm. Ges. 2!l (t9l3), 576. 

*) ). C. Umney, Pharmaceutical lourn. 7»8 (1897), 226. 

') ). C. Umney, ibidem *'»* (1896), 91. 

“) Report ot Schiinmel S Co. October 1893, 50. 
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Oil from Sicilian Ass's Flmnkl. 

The fruits of Fwniculum piperitiini, 0. C. (Finocchio d’.isino, 
Ger. Esels-Fcnchel) have a pungent taste and arc used as a 
spice in southern Italy, Upon distillation they yield 2.9 p.c. of 
oil; d 0.951. It can contain only traces of anethol for, even when 
cooled to —5", no separation took place. 

Oil from Fennel or Asia Minors. 

Yield 0.75 p.c.; d,,.0.987. 

Oil FROM Syrian Fennels. 

Yield 1.6 p.c.; d,,.0.972. 

Oil from Persian Fennel. 

Yield 1.7-) to 1.9“) p.c.; d,.,,0.976') to 0.977-); k,, -i 7' ‘) to 
(-14"-'); congealing point about t IF. 

Oil from Russian Fennel*). 

Yield 4.8 p.c.; d,.,.0.967; i 23’; ni. p. i 4.4'. 

Oil from Alulrian Fennel. 

An oil of Algerian bitter fennel, examined by E. Tardy‘), 
had the following constants; d„ 0.991; ((,, + 62 16'. Of its con¬ 
stituents the following were identified: pinonv, phellandrcnv 
(m. p. of nitrite 102 ), knehone, nwthyl chavicol, am^thol, a 
sesquiterpene, and a small amount of a substance C|,|H,,0.. 
which in ail probability is tbymohydroquinone. It melts at 138 
to 140“, is soluble in hot potassium hydroxide solution and is 
again precipitated from this solution by acids. The crystals thus 
obtained melt at 184". Oxidized with bichromate and sulphuric 
acid a substance melting at 45’ resulted. Tardy concludes that 
the substance is identical with thymohydroquinone which melts 
at 145’ and upon oxidation yields thymoquinone which melts at 48". 
The crystals obtained from the hot potassa solution correspond 

‘) Report of Schimmel h Co. April ISII7, table, appendix, p. 20. 

'*) ). C. Umney, Pharmaceutical |ourn. 58 (1897), 226. 

*) Observations made in the laboratory of Schimmel S Co. 

*) Etude anafytique siir quelques essences du genre anisique. These, 
Paris 1902, p. 23. 
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to hydroxythymoquinone, which melts at 187“ and is obtainable 
on treating monobromothymoquinone with hot potassa solution. 

711. Oil of Fennel Herb. 

The properties of an oil distilled by Carthaus in )ava from 
the stems and leaves of Foeniculum capiUaceum, Gilibert, are 
recorded in the Annual Reports of Buitenzorg for the year 1906*); 
dj„.0.970; i 4“50'; congealing point f 12.8°. The bulk of 
the oil passes over between 227 and 235°. 

For several oils of like origin the following properties were 
ascertained in the laboratory of Schimmel § Co.*); d,5.0.970 to 
0.984; «i,-f-5“34'to 4-2r40'; congealing point | 4° to -) 16.2°. 
The composition of the javanese herb oil seems to correspond 
closely to the fennel (seed) oil of commerce. 

An oil distilled from the herb of Fceniculum capiUaceum, 
Gilibert in the Norman Island of Jersey") constituted a colorless 
liquid with an esdragon-like odor. It was soluble in 5 vol. and 
more of 80 p. c. alcohol with slight turbidity; d, 5 .0.9561; 
«!, f-16’40'. A/reFAo/is present in small amount only, judging 
from its odor methytchavicol is an important constituent. 

712. Oil of Water-Fennel. 

Oleum Phellandril Aquatloi. — WasaerfenchelSI. — Essence de Fenouil d'Eau. 

Origin and Production. The fruits of water-fennel, Oenanthc 
PheUandrium, Lam. (Oenanthe aquatica, Lam., Phellandrium 
aquaticum, L.) contain 1 to 2.5 p.c. of volatile oil. Water- 
fennel oil is at first colorless or of a wine-yellow color which 
later becomes darker. It has a strong penetrating odor and a 
burning taste; d,^. 0.85 to 0.89; «„ + 12°42' to +19°; n,„„. 1.484 
to 1.495. It begins to boil at about 170° and up to 172° 50 to 
60 p.c. pass over. The thermometer gradually rises to 300“ 
and finally a black residue remains in the distilling flask*). In 
connection with the distillation of water-fennel H. Haensel") 

)aarb. dep. Landb. in Ned.-lndie, Batavia 1907, tt. 

*) Comp. Report of Schimmel 6 Co. November 1908, 71. 

") Ibidem April 1918, 111. 

*) C. Bauer, Oher das Stherische Ol von PheUandrium aquaticum. 
inaug.-Dissert. Freiburg 1885. 

■ ') Pharm. Ztg. 48 (1898), 760. 
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observed the separation of a small amount of heavy oil at the 
bottom of the Florentine flask. 

Composition. As was shown by L. Pesci *) the oil consists 
of 80 p.c. of a terpene which is characterized by a nitrite melting 
at 103". It was named phellandrene from the plant which had 
yielded the oil. Later it was learned that this hydrocarbon 
occurs in two modifications, the one- occurring in the water- 
fennel oil being the c/-(:(-phellandrene. (For properties and deri¬ 
vatives see Vol. 1, p. 325.) 

During their investigation of the chlorides obtained from the 
/^-phellandrene of water-fennel oil, I. Kondakov and ). Schindel- 
meiser^) found pinene hydrochloride, the formation of which is 
attributable to pinene contained in the oil. 0. Wallach-') further 
regards the presence of sabinene in water-fennel oil as not 
impossible. 

The fractions boiling higher than phellandrene contain an 
aldehyde CioH^eO, named phellandral, which was discovered 
by Schimmel & Co.^) and the odor of which reminds vividly of 
that of cuminic aldehyde. Its structural formula, also its 
properties and derivatives are recorded in Vol. 1, p. 432. 

From those portions which did not react with acid sulphite 
careful fractionation isolated an alcohol named androl*) which 
had the following properties: b.p. 197 to 198"; dj^. 0.858; 
(tj, 7° 10'; n,,,,,, 1.44991. It possesses the characteristic odor 
of water-fennel oil to a high degree, hence appears to be the 
principal bearer of this odor. With carbanil a phenyl urethane 
resulted which, after recrystallization from alcohol, melted at 
42 to 43". Its analysis would seem to indicate that the formula 
C,(,Hj„0 should be assigned to the underlying androl. Upon 
oxidation it yielded neither an aldehyde nor a ketone. 

With the aid of phthalic acid anhydride an alcohol with a 
rose-like odor could be isolated from the fraction boiling about 230". 
Its diphenylurethane, after one crystallization from alcohol, melted 
at 87 to 90". The amount was too small for further investigation. 


') Gazz. chim. ital. 16 (1886), 225. 

*) )oum. (. prakt. Chem. II. 75 (1907), 141. 

’) Terpene and Campher. II. ed. Leipzig 1914. p. 485, footnote. 
Report of Schimmel Bi Co. October 1904, 88; October 1905, 71. 
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713. Oil of Oenanthe crocata. 

From the exceedingly poisonous umbelliferous Oenanthe 
crocata, L., which is common in England, F. lutin') prepared 
an alcoholic extract which, upon distillation with water vapor, 
yielded 0.1 p.c. of oil computed with reference to the dry herb. It 
was light yellow in color and of an odor that was not pleasant; 
du„ 0.9381; optical rotation +ri6' in a 2.5 cm. tube. Under 
100 mm. pre.ssure it boiled between 100 and 200", the largest 
part going over between 180 and 200°. The oil contained furfurot. 

714. Oil of Aethusa Cynapium. 

From the air-dried herb of Aethusa Cynapium, L. (Gcr. 
HundspetersiHe) F. B. Power and F. lutin ’) prepared an alco¬ 
holic extract which, upon evaporation of the solvent, was distilled 
with water vapor. The oil yield was 0.015 p.c. computed with 
reference to the fresh herb. At first colorless, it soon assumed 
a dark brown color and had an unpleasant odor. The aqueous 
distillate contained formic acid. The distillation residue (0.8 p.c. 
computed with reference to the fresh plant) was partly soluble 
in petroleum ether. After saponification of the dissolved part 
there were isolated pentatriacontane (m.p. 74°), an alcohol 
(m.p. 140 to 141"; [«]j, 35.7°) isomeric with phytoslerol, Cj„H|,0, 

or a lower homologue. The saponification liquid contained 
formic and butyric acids. The portion insoluble in petroleum 
ether yielded formic, butyric and protocatechuic acids upon 
fusion with alkali. 


715. Oil of Bald-money. 

Oil from the root. The dried roots of Meum athamanti- 
cum, jack., Ger. Barwurz, yielded upon distillation 0.67 p.c. of 
a dark yellow oil which greatly resembled that of lovage as to 
odor. At ordinary temperature it is viscid or solid; d.^,.0.999 
and dj,„o 0.8971. It begins to boil at 170°. Above 300° greenish- 
blue fractions having a celery-like odor were obtained. During 
this fractionation about one-half of the oil resinified “). 

■*) Pharmaceutical )ourn. H7 (I9H), 296. 

'-■) (ourn. Soc. Chem. Industry 24 (1905), 938. 

') Bericht von Schimme! Co. April 188», 43. 
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Oil from the herb. Herb collected in the vicinity of 
St. Andreasberg in the Harz mountains yielded upon distillation 
0.88 p.c. of a dark reddish-brown oil that possessed a celery¬ 
like odor'). It was soluble in 3 vol. of 90 p.c. alcohol; d,,,0.9053; 
n„ 2 „. 1.50327; A.V. 8.8; E.V. 63.1. On account of the dark 
color the optical rotation could not be ascertained. There 
separated from the oil white crystals which melted at 83 to 84', 
but after one recrystallization from alcohol at 91", and which 
are probably identical with guajol. 

716. Oil of Silaus pratensis. 

The fruits') of the wild umbelliferous Si/juspratens/s, Besser, 
growing in Germany, yielded 1.4 p.c. of oil upon distillation, 
the odor of which reminded distinctly of esdragon. d^. 0.982; 
(t -i- 0° 7'; S. V. 20.8. In the cold it separates a stcaroptonc 
consisting of fine needles. 

717. Oil of Lovage. 

Oleum Levistici. — Liebatockwurzelol. - Essence de Liveche. 

Origin. All parts of Levisticum officinale, Koch (Anffclica 
f.evisticum, Baillon, Ligusticum f.evisticuni, L., Ger. f.iehstnck), 
which is cultivated as a medicinal plant, have a decided aromatic 
odor and contain volatile oil. Formerly this was di,stillcd only from 
the roots, more recently it is also obtained from fruits and herb. 

Production. When perfectly fresh, the aromatic roots of 
lovage yield upon distillation with water vapor 0.1 to 0,2 p.c.; 
when wilted 0.3 to 0.6; dry 0.6 to 1 p.c. of oil, the odor of 
which resembles angelica oil. Yellow or brown oils are obtained 
according to the character of the root, the former from fresh, 
the latter from dry roots. These oils show but a slight difference 
in specific gravity but behave differently upon distillation'). 
The distillation of dry lovage yields from the beginning, but 
more particularly toward the end, a yellow, sticky, resinous 
mass, some of which adheres to the condenser tube, the bulk 

') Report of Schimmel S Co. April Iftl.'t, lit. 

') Ibidem October 1S95, 65. 

“) Ibidem April 1895, 9. 
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of which, however, remains dissolved in the oil. When the 
green root is distilled, scarcely any of this resin is observed. 
If the root is distilled immediately when harvested, this resinous 
film is not dbserved at all. If the oil from green root is recti¬ 
fied, practically the entire oil is volatile; oil from dry root, 
however, leaves a large amount of resin. 

Properties. d„,. 1.00 to 1.049; inactive or slightly dextro¬ 
gyrate (up to -f6°)‘); nji 5 „. 1.539 to 1.552; soluble in 2 to 
3.5 vol. of 80 p.c. alcohol, yielding a clear or slightly turbid 
solution. A.V. 2 to 10; E.V. 175 to 230; E.V. after acetylation 
(one determination) 227.8*). The higher ester number of lovage 
oil does not appear to be due to an ester but to a lactone-like 
compound, about which, however, nothing is known thus far. 

Composition, if the oil, which has been saponified with 
alcoholic potassa, is distilled with water vapor and the oil thus 
obtained subjected to fractionation in vacuo, there results, 
according to R. Braun “), a fraction boiling at 176’ (air pressure) 
of the composition of a terpene (d,„. 0.8534; «„ + 5°). As a 
principal fraction Schimmei 8; Co.^) isolated a liquid which boiled 
between 107 and 115 ' (15 mm.) from which distillation under 
ordinary pressure yielded a fraction boiling at 217 to 218°. Upon 
cooling this congealed to a crystalline mass and revealed all of 
the properties of d-u-terpineol; (in the superfused condition) 

-I- 79° 18' at 22“ (m. p. of terpinylphenylurethane 112°; m. p. of 
terpineolnitrolpiperidide 151 to 152°). The dihydroiodide melted 
at 77 to 78°. 

718. Oil of Lovage Fruits. 

- Lovage fruits yield upon distillation 0.8 to 1.1 p.c. of an oil 
that resembles that from the roots. d,j.0.935 to.0.936; «j,-}-iri0' 
(one determination); n^j^, 1.51308; A.V.2.8; E.V. 125.2; soluble in 
0.5 vol. of 90 p.c. alcohol, with 10 vol. of 80 p.c. alcohol it does 
not yield a clear, solution. 

’) F. A. Fluckiger (Pharmakognosie III. ed., p. 460) found an oil, of which 
the origin is not mentioned, to be lasvogyrate. 

®) Comp. Report of Schimmei 8i Co. April 1909, 69. 

“) Arch, der Pharm. 386 (1897), 2, 18. 

Report of Schimmei S Co. April 1897, 27: October 1897,11, footnote 3 
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719. Oil of Lovage Herb. 

The fresh herb and flower stalks of lovage yield 0.05 to 
0.15 p.c. of an oil which.resembles that of the root as to odor. 

di 5 .0.904 to 0.945; 16 to +46"; 1.484 to 1.487 

(two determinations); A. V. 2.8 to 4.6 (two determinations); 
E.V. 152.6 to 152.7 (two determinations); soluble in 0.5 to 1 vol. 
of 90 p.c. alcohol and in 3 to 10 vol. of 80 p.c. alcohol with 
opalescence or the separation of flocculcs. 

720. Oil of Angelica. 

Oleum Angelica. — Angellkawurzelol. — Essence d'Angilique. 

Origin. Angelica, Archangelica officinalis, Hoffm. {Angelica, 
Archangelica, L., Ger. Engeiwurz), grows in places all over 
northern Europe as far as Siberia and is cultivated as a drug 
plant and for liqueur purposes. It is the most stately of the 
North European umbcilifcrs and contains a peculiar aromatic 
oil in all parts, but more particularly in the root and in the 
fruit. The green parts of the plants are a favorite vegetable') 
in Norway, Sweden, Finland, Iceland and Greenland. 

Production. The oils from both the root and fruit (angelica 
seed oil) find practical application. The fruits u.sed for distillation 
come mostly from Thuringia and Saxony (Erzgebirge), but 
occasionally those from France, Moravia and the Harz Mountains 
are also used in the production of oil. 

The yield from the dry root amounts to 0.35 to 1 p. c.; from 
fresh roots, which yield a finer quality oil, 0.1 to 0.37 p.c. 

Properties. When freshly distilled the root oil is an almost 
colorless liquid with a balsamic odor, which, exposed to air and 
light, becomes yellow to brownish in color. The odor is very 
aromatic, pepper-like with a suspicion of musk. The taste is 
spicy, d,^. 0.859 to 0.918, the Thuringian oils frequently show 
a lower specific gravity, as low as 0.853®); <!t, + 16 to +41"; 
nu 5 o. 1.477 to 1.488; A. V. to 3.8; E.V. 12 to 37; E.V. after 


*) Schubeler, Die PHamenweit Norwegens. 1888. p. 280 and 303. — 
M. Rikli, Schweiz. Wochenschr. f. Chem. ii. Pharm. 48 (1910), 48, 49, 65, 81,97; 
Apotheker Ztg. 26 (1910), 157. 

•) Comp. Report of Schimmel St Co. October 1906, 10. 
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acetylation (seven determinations) 51 to 75, one distillate from 
Colleda (Thuringia) root gave 35.5; soluble in 0.5 to 6 vol. and 
more of 90 p.c. alcohol, occasionally with slight turbidity. 

Composition. Of an oil distilled by F. Beil.stein and Wiegand') 
the bulk distilled over between 160 and 175", a small portion 
between 175 and 200", and even less above 200°. After repeated 
fractionations the lowest fraction had a constant boiling point 
of 158° and the composition The terpene absorbed 1 mol. 

of hydrogen chloride, but yielded no solid hydrochloride. Fraction 
170 to 175 , which constituted the bulk, likewise corresponded 
to the formula After passing hydrogen chloride into this 

fraction a solid hydrochloride, melting at 127°, crystallized out. 
After repeated distillations over sodium that portion which boiled 
originally between 175 and 200’ came over at the con-stant 
temperature of 176 . The analysis indicated a mixture of terpene 
and cymene. From the more difficultly volatile portion of the oil a 
hydrocarbon b. p. 250', presumably a sesquiterpene, was isolated. 

L. Naudin-) obtained upon fractionation a terpene, b. p. 166" 
with a pepper-like odor which he named ./-terebangelenc. 

By means of its nitrite Schiinmel § Co.'*) proved the presence 
of phellandrene. Inasmuch as the chloroformic solution of this 
nitrite deviated the ray of polarized light to the left, and since 
the rotation of the nitrite is opposite to that of the underlying 
hydrocarbon, angelica root oil contains d-phel/andivne. 

The investigations of Beilstein, Wiegand and Naudin indicate 
that other terpenes, presumably pinene, are present. In all pro¬ 
bability the .Aterebangelene of Naudin is a mixture of phellandrene 
with a lower-boiling terpene. H. HaenseP), however, is of the 
opinion that phellandrene is the only terpene in angelica root oil. 

The high-boiling fractions, which contain the bearer of the 
musk-like odor, have been examined by G. Ciamician and P.Silber ''). 
From the last fraction of a steam-redistilled oil fine crystals 
separated upon standing which melted at 76 to 77". The amount 

') Beil. Berichte 15 (1882), 1741. 

-) Bull. Soc. chitn. II. :t» (1883), 407. - Compt. rend. IMt (1883), 1153. 

’) Report of Schimmel 8) Co. April 1891, 11. 

*) Chem. Zentralbl. 1#07, II. 1620. 

“) Berl. Berichte 4» (1896), 1811. 
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was too small for a careful examination, but these crystals 
presumably represented the inner anhydride of a hydroxy acid. 
The oil distilled in vacuum was saponified with alcoholic potassa. 
The non-saponifiable portion had the characteristic odor of the 
sesquiterpenes and boiled between 240 and 270’. From the 
saponification liquid sulphuric acid separated two acids: I. a 
valeric acid, more particularly inactive methyl ethyl acetic acid, 
the potassium salt of which crystallizes with 5 molecules of 
water of crystallization; 2. hydroxypentadccylic acid, C„H„„0,|, 
which, crystallized from ether, results in needles, grouped star- 
shape, that melt at 84 . Of its derivatives the barium salt, the 
acetoxypentadecylic acid melting at .50', bromopentadecylic acid 
melting at 65 , and finally the iodopentadecylic acid which 
crystallizes in pearly scales melting at 78 to 70 , were prepared. 
It is noteworthy that the next lower homologue, the hydroxy- 
mynstic acid occurs in the oil of angelica fruit. 

Likewise in one of the highest fractions t. Bdckcr and 
A. Hahn^) found a lactone of the empirical formula C,r.H|,|0,,. 
From 200 g. of this “Machlauf” 10 g. of lactone were obtained 
which, after recrystallization from ethyl ether and petroleum 
ether, melted at 83 . It boils without decomposition, under 10 mm. 
pressure, above 250 ; (f,, ■ 0“. It does not dissolve in either hot 
or cold caustic soda or potassa, however, it dissolves in hot 
alcoholic potassa. This compound is unsaturated. In glacial acetic 
acid it yields a dibromide which, rccrystallized from glacial acetic 
acid, melts at 143 to 145“ with decomposition. With hydrogen 
chloride it yields a hydrogen chloride melting at 101'. Attempts 
to prepare the free hydroxyacid were unsuccessful, judging from 
its stability and the tendency to reform from its hydroxyacid 
after saponification, the authors regard it as a j'-lactone. 

The aqueous distillates resulting from this oil contain '-) diacetyl 
(in. p. of osazone 239 to 240'), methyl alcohol (b. p. of benzoate 
199 to 202°; dj^. 1.0894; E.V. 409, computed 412; m.p. of oxalate 
54 to 55°), ethyl alcohol (h. p. of benzoate 213 to 213.5 -'; d,„. 1.0576; 
E. V. 372.9, computed 373.9), lurfurol (color reaction with aniline 
acetate), also a base having the odor of pyridine. 

*) Journ. f. prakt. Chem. II. (1911), 243. 

*) Report of Schimmel & Co. April 1918, 26. 
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721. Angelica Seed Oil. 

Yield. Angelica fruits yield upon distillation 0.7 to 1.5 p.c. 
of oil. 

Properties. The oil from the fruits closely resembles that 
from the root; d^. 0.851 to 0.890; «i,+11° to +13°30'‘); 
n^^y. 1.486 to 1.489; A.V. up to 2.0; E.V. 13 to 30; soluble in 5 to 
9 vol. of 90 p.c. alcohol, occasionally with opalescence and 
even turbidity, which may become very decided in individual cases. 

Composition. Neither the investigations of R. Milller®), nor 
those of L. Naudin*), concerning the terpenes yielded positive 
results. 

The only hydrocarbon proven to be present is phellandrene^). 
As in the case of the oil from the roots, phellandrene is pro¬ 
bably not the only terpene present. 

Of oxygenated constituents, Muller demonstrated the pre¬ 
sence of two acids in the oil saponified with alcoholic potassa: 
1. Valeric acid, which, as was demonstrated by the behavior 
of the barium salt, was methyl ethyl acetic acid. 2. Hydroxy- 
myristic acid which crystallized in pearly scales melting at 51°. 
It occurs in the highest-boiling fractions and in the non-volatile 
residue. Several of its salts were prepared and analyzed, also 
the benzoyloxymyristic acid which crystallizes in small, white 
lamina that melt at 68°. 

722. Angelica Herb Oil. 

The fresh angelica herb yields upon distillation 0.015 to 
0.1 p.c. of oil®) which, as to odor, differs little or not at all 
from that of the roots, d^. 0.855 to 0.890; au+8 to +28°; 

1.477 to 1.483; A.V. 3; E.V. 17 to 24; E.V. after acetylation 
51.3 (one determination); soluble in 2.5 to 10 vol. of 90 p.c. 
alcohol, occasionally with slight opalescence®). 

*) K. Irk (Kisdfletugyi Kdziemenyek 16 [1913], No. 5) has observed as 
high as +14.62° in connection with Hungarian oil. 

n Berl. Berichte 14 (1881), 2476. 

®) Bull. Soc. chim. 11. 87 (1882), 107; Compt rend. 93 (1881), 1146. 

*) Report of Schimmel ^ Co. April 1891, 11. 

») Ibidem April 1895, 13. 

®) Como. Reoort of Schimmel & Co. Aoril 1911. 20. 
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723. Japanese Angelica Oil. 

OriQin. In Japan two kinds of angelica are cultivated or 
account of their roots, viz., Angelica refracta, Fr. Schmid; 
(Japanese Senkiyu) and Angelica anomaia, Lall. = Angelia 
japonica, A. Gray Japanese Biyakushi)% From which of these 
the oil described below is derived is uncertain. Japanese angelica 
root*) is rather poor in oil, containing but 0.07 to 0.1 p.c. 

Properties. d„. 0.905 to 0.908; -r40'; n„,,„, 1.49110; 

A.V. 10.6; E.V. 40. At 10° one of the two oils under examination 
separated crystals and at 0“ congealed to a paste-like mass. 
The crystalline mass thus obtained by freezing and suction had 
the properties of a fatty acid which, after several recrystallizations, 
melted at 62 to 63° (impure hydroxypentadecylic acid?). The boiling 
temperature of the oil lay between 170 and 310°. The highest- 
boiling fractions were of a beautiful blue-green color. The residue 
congealed upon cooling and consisted for the most part of un¬ 
distilled acid. 

The odor of the Japanese oil is very intense and persistent, 
more pungent than that of the German oil. Like the German 
oil it has an odor reminding of musk. 

From the fruits of Japanese angelica, Murai obtained 0.67 p. c. 
of oil®). 


724. Oil of Pseudocymopterus anisatus. 

Upon distillation of Pseudocymopterus anisatus, Gray (C. 
et R.), which grows wild in the western United States, 
1. W. Branded) prepared a volatile oil the odor of which, like 
that of the fruits, is decidedly anise-like. Its specific gravity, 
0.978 at 20°, corresponds closely with that of the oils of anise, 
star anise and fennel. However, it did not congeal at low 
temperature, a circumstance that is attributed to the presence 
of methyl chavicol. 


') ).). Rein, Japan. Leipzig 1886. Vol. il, p. 159. 

•) Bericht von Schimmel ^ Co. April 1889, 3; October 1889, 4; Report 
of Schimmel § Co. October 1907, 15. 

®) Bericht von Schimmel S Co. October 1889, 4. 

*) Pharm. Review 20 (1902), 218. 
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725. Oil of Asafetida. 

Oleum Aate Fcetidse. — Aaantdl, 01 von Asa foetida. — Essence d'Ase Fetide. 

Origin. Asafetida (Lat. Asa fastida, Ger. Asant, Stinkasant, 
Teufelsdreck), is the inspissated milky juice of several species of 
Ferula. Ferula alliacea, Boiss., growing wild in northeastern 
and eastern Persia, yields the h/ng, the variety of asafetida 
used mostly in India, whereas the asafetida of European com¬ 
merce, the hingra, is derived from Ferula foetida, Regel i^F. Scoro- 
dosma, Bentley et Trimen; Scorodosma foetidum, Bunge), which 
grows in southern Turkestan, Persia, and Afghanistan^). 

The asafetida which appears in the London and Hamburg 
drug markets is exported, for the most part, from Bender Abbas 
and Bushir, ports on the Persian Gulf^). 

Production. Upon distillation with water vapor, asafetida 
yields 3 to 19.6 p.c. of volatile oil. High yields have been 
observed particularly by j. C. Umney and S. W. Bunker”), also 
E. F. Harrison and P. A.W. Self*). 

Properties. Oil of asafetida is a colorless to yellow or 
brown liquid’’) of a very unpleasant odor reminding of onions 
and garlic. In connection with a large number of oils distilled 
from Persian asafetida, Harrison and Self determined the 
following constants; d^^ ^. 0.915 to 0.993; + 10° 58' to —17°3'; 

n|,.,„,. 1.4942 to 1.5259; sulphur content 8.9 to 31.4 p.c. 

A gum resin obtained from Bombay yielded 7.5 p.c. of an 
oil with somewhat different properties: dj^^, 0.993; —35°55'; 
n,,j„. 1.5250 ; 37.8 p.c. sulphur. The sulphur content was determ¬ 
ined according to the following method: — 

About 0.5 g. of oil are transferred to a 150 ccm. flask 
provided with a condenser tube ground into the neck of the 
flask. Through this tube 5 ccm. of water and 5 ccm. of nitric 
acid (dj 5 5 „ 1.42) are added. If necessary the flask is heated 

') G. Watt, The commercial products of India. London 1908, p. 534. 

‘) H. G. Greenish, Pharmaceutical |ourn. 90 (1913), 729. 

“) Chemist and Druggist 77 (1910), 205.—Perfum. Record 1 (1910), 165. 

*) Pharmaceutical )ourn. 88 (1912), 205 ; 89 (1912), 139; Chemist and 
Druggist SO (1912), 269; 81 (1912), 202. 

'') According to H. M. Sechler and M. Becker (Americ. journ. Pharm. 84 
[1912J, 4) pure asafetida yields a colorless distillate, that adulterated with 
galbanum or ammoniacum a colored distillate. 
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slightly in order to start the reaction which then proceeds 
rather lively. Then 3 g. powdered potassium bromide are added 
through the condenser tube, the mixture boiled for 10 minutes, 
allowed to cool and finally 5 g. of sodium hydroxide are added 
having previously been dissolved in a little water. The mixture, 
now alkaline, is carefully evaporated to dryness in a platinum 
dish, heated to a red heat, the fused mass dissolved in water, 
the nitric and nitrous acids removed by evaporation with hydro¬ 
chloric acid and the sulphate determined in the customary manner. 

According to Harrison and Self the sulphur assay of the 
oil is best computed with reference to ash-free drug. Ex¬ 
periences thus far would indicate that the sulphur value of an 
unadulterated drug should not be less than 1.5 p.c. 

Composition. According to the investigations of H. Hlasiwetz^) 
the oil is free of oxygen and nitrogen and contains hexenyl 
sulphide, (C„Hi,).jS, and hexenyl disulphide, (CjHjJjS.^. 

Very different are the results obtained by F. W. Semmler^), 
who found a smalt oxygen content and sulphides very different 
in composition. From the lowest fraction he separated, after 
repeated distillation over metallic potassium, two terpenes: — 

A hydrocarbon, presumably pinene (d,„. 0.8602; ap +32°30') 
which yielded a liquid dibromide, C,oH,jBr 5 , and only scarcely, 
a second terpene that yielded a solid tetrabromide, C,„HiaBr 4 . 

From the higher boiling fractions the following compounds 
were isolated; — 

A disulphide, QHj^So, b. p. 83 to 84° (9 mm.); d^,. 0.9721; 
«j,- 12°30'. It constitutes about 45 p.c. of the oil. 

A disulphide, CuH^jS^, b. p. 126 to 127° (9 mm.); dj4J.0121; 

—18°30'. It constitutes 20 p.c. of the oil and to it the oil 
owes its disagreeable odor. 

A substance (Ci(|Hj„0)ii, b.p. 133 to 145° (9 mm.); djj.0.9639; 
Op —16°. It constitutes 20 p.c. of the crude oil. Treated with 
sodium it yields cadinene, CjjH^. 

A compound C,H,„Sj, b. p. 92 to 96° (9 mm.). 

A disulphide CtoHisSj, b. p. 112 to 116° (pressure?). 

') Liebig’s Annalen 51 (1849), 23. 

») Arch, der Pharm. 22» (1891), l.-Berl. Berichte 28 (1890),-3530; 24 
(1891), 78. 
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726. Galbanum Oil. 

Origin. The gum resin known as galbanum is the air-dried 
evaporated milky juice that exudes spontaneously from the trunk 
and larger branches of Ferula galbanitlua, Boissier et Buhse, 
Ferula rubricauUs, Boissier (Peucedanum rubricaule, H. Baillon; 
Peucedanum galbanifluum, H. Baillon), and possibly Ferula 
(Peucedanum) Schai'r, Borszczow, umbelliferous trees that grow 
principally in Persia. 

Production and Properties. The aromatic, not unpleasant 
odor of galbanum is due to the large amount of volatile oil 
which it contains. The yield, on distillation, varies between 10 
and 22 p. c. according to the age of the drug. 

Galbanum oil is yellowish, has a specific gravity of 0.905 
to 0.955*) and deviates the plane of polarized light either to 
the right or left, «„ up to +20° and up to —10”. According 
to Hirschsohn®) Persian galbanum yields a dextrogyrate oil, 
galbanum from the Levant, on the other hand, a laevogyrate 
oil; njj„„. 1.494 to 1.506. 

Composition. An oil examined by P. Mossmer*), which 
distilled almost completely between 160 and 165“ cannot be 
regarded as a normal oil since the distillation was conducted 
with water from a glass retort, a method that would yield the 
lower boiling portions, but not the more difficultly volatile higher 
boiling hydrocarbons. 

The dextrogyrate hydrocarbon boiling at 160 to 161“ 

yielded a crystalline derivative that corresponded in every respect 
with the compound obtained from turpentine oil. Mossmer did 
not obtain terpin hydrate by treating it with nitric acid, whereas 
F. A. FlUckiger*) was successful. The terpene of galbanum is, 
therefore, d-pinene, as is further established by the investigation 
of H. Thoms and B. Molle"') who obtained its hydrochloride 
melting at 125° and its nitrosochloride melting at 103°. 


*) E. F. Harrison and P. A. W. Self, Pharmaceutical journ. 89 (1912), 141; 
Chemist and Druggist 81 (1912), 204. 

’) lahresb. d. Hiarm. 1875,113. 

• *) Liebig's Annalen 119 (1861), 257. 

*) Pharmakognosh. III. ed. 1891, p. 65. 

') Berichte d. deutsch. pharm. Ges. 11 (1901), 90. 
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According to 0. Wallach^), fraction 270 to 280° contains 
cadinene, CuHu^, the presence of which was established by the 
preparation of the hydrochloride melting at 117 to 118°. 

727. Oil of Sumbul. 

Oleum Sufflbull. — MoschuswurzelSI. — SumbuIwurzelSI. — Eesenoe de Sumbul. 

Sumbul is an East Indian name applied to the roots of 
several plants, viz., to the roots of Nardostachys Jatamansi, D.C., 
as Sumbul Hindi, of Valeriana celtica, L., as Sumbul Ekieti, 
Sumbul Ekelti, Sumbul l^umi and Sumbul italicus‘‘), also to 
the root of Dorema Ammoniacum, Don., as Bombay Sumbul 
or Boi''), which is used as an adulterant of genuine sumbul. 

Ferula Sumbul, Hodker fil. (Euryangium Sumbul, Kauff- 
mann) yields the genuine sumbul root which was first brought 
to Europe in 1835. Upon distillation it yields 0.2 to 1.37 p.c.*) 
of a viscid, dark-colored oil that possesses a musk-like odor; 
dj„.0.941 to 0.964; 6°20' (one determination*)); A. V. 7.0 

(one determination); S. V. 24 to 92; with 10 vol. of 80 p.c. 
alcohol it is not completely soluble, but it dissolves in one vol. 
or less of 90 p.c. alcohol. 

Nothing is known about the constituents of sumbul oil. 

728. Oil of Gum Ammoniac. 

Origin. The bulk of the gum ammoniac that enters European 
commerce comes from Persia, where it is derived from the 
umbellifer Dorema Ammoniacum, Don., whereas Ferula com¬ 
munis var. brevitolia, Mariz yields the Moroccan drug and 
F. marmarica, Aschers, et Taub. that comjng from Cyrenaica. 

Production. Upon distillation with water vapor gum am¬ 
moniac yields but little volatile oil. Schimmel Co.*) obtained 
0.1 to 0.3 p.c. whereas E. F. Harrison and P. A. W. Self’), who 
carried out seven distillations, obtained from 0.08 to 0.2 p.c. 

Liebig’s Annalen 238 (1887), 81. 

*) Pharmaceutical )ourn. I. 7 (1848), 546. 

’) F. A. Fluckiger and D. Hanbury, Pharmacographia. II. ed. 1879, p. 313. 

*) Report of Schimmel 8i Co. October 1907, 91. 

*) Report of Schimmel S Co. October 1907, 91.. The statement as to 
its dextrorotation is due to a printer’s error. 

•) Bericht von Schimmel S Co. April 1890, 47. 

*) Chemist and Druggist 81 (1912),204; Pharmaceutical )ourn.89(1912),141. 

24* 
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Properties. The dark yellow oil has a strong odor of the 
drug, at the same time reminding of angelica, dj^. 0.88751) 
to 0.891; ((j,-fr37' (one determination^)); n„ 2 „. 1.47250‘) to 
1.4808’^); A. V. 3.7; E. V. 40.5; E. V. after acetylation 106.4; 
soluble in 0.5 vol. and more of 90 p.c. alcohol'): it distills for 
the most part between 250 and 290", only a small part coming 
over between 155 and 170°'). The oil is free from sulphur. 

729. Sagapenum Oil. 

Sagapenum is a so-called gum which is derived from 
a Persian Ferula species, presumably from Ferula Szovitsiana, 
D.C. From it A. Tschirch and M. Hohenadel‘) obtained 19.2 p.c. 
of a volatile oil that contained 9.7 p.c. of sulphur. 

730. Oil of Peucedanum officinale. 

From the dry roots of Peucedanum officinale, L.") (family 
Umbelliferae), Schimmel ^ Co.") obtained 0.2 p. c. of a yellowish- 
brown oil with an intense and persistent but not pleasant odor 
that rather reminds of the odor of senega root. dj^. 0.902; 
«„ + 29°4'; S. V. 62. Standing in the cold, a solid substance 
separated from the oil. Upon recrystallization from alcohol it 
was obtained in faintly yellow laminae that melted at 100°. 

731. Oil of the Fruit of Peucedanum grande. 

The oil of the fruits of Peucedanum grande, C. B. Clarke 
has an unusually strong, spicy odor that reminds of that of 
Daucus oil’), dj^.^,.0.9008; 4-36°. It distills over between 

185 and 228° but leaves a rather considerable residue"). 

’) Report of Schimmel £( Co. April 1915, 7. 

4 Chemist and Druggist 81 (1912), 204; Pharmaceutical Journ. 89(1912), 141. 

“) A. Tschirch and H. Luz, Arch, der Pharm. *288 (1895), 552. 

‘) Ibidem 238 (1895), 259. 

“) The comminuted root of P. araliaceum (Hochst.) Benth. et Hook, reveals 
a strong floral odor due to a volatile oil. (Notizbl. hot. Cart. Berlin-Dahlem 
No. 48 [vol. V], p. 239). 

“) Report of Schimmel & Co. April 1895, 75. 

’) Ibidem April 1891, 64. 

*) W.,Dymock, C.). H. Warden and D. Hooper, Pharmacographia Indica. 
Vol. II, p. 126. 



Oil of Dill. 


373 


732. Oil of Peucedanutn Oreoselinum. 

From the herb of Peucedanum Oreoselinum, Moench 
(Athamanta Oreoselinum, L., Ger. Bergpetersilie), G. Schnedcr- 
mann and F. L.Winckler*) distilled a volatile oil with a strong, 
aromatic odor reminding of juniper. Specific gravity 0.843. It 
boiled at 163° and consisted, as shown by elementary analysis, 
almost entirely of terpenes. With hydrogen chloride a liquid 
monohydrochloride, C,oFI,„FICI, resulted. 

Which terpene or terpenes underlie this hydrochloride docs 
not become apparent from the meagre data. 

733. Oil of Peucedanum Ostruthium. 

Distillation of the dried roots of Peucedanum Ostruthium, 
Koch {Imperatoria Ostruthium, L., Ger. Meisterwurz) yielded 
0.2 to 0.8 '*), and up to 1.4 p.c.“) of oil. It had a strong odor 
reminding of angelica and a pungent aromatic taste; dj,.0.877'*); 
d,,„. 0.8766''); «j,+66.5°“); it boils between 170 and 190°'*). 

As yet nothing has been revealed concerning the composition 
of this oiD), 

734. Oil of Dill. 

Oleum Anethl. — DillSI. — Essence d’Aneth. 

Origin. Dill, Anethumgraveolens,L, (Peucedanum graveolens, 
Benth. et Hook.) is an umbelliferous plant that is indigenous to 
the Caucasus and the Mediterranean countries. At the present 
time it is cultivated in many other countries, e. g. Bavaria, 
Thuringia, Galicia, Roumania and Holland. 

Production. Distilled with water vapor the crushed fruits 
yield 2.5 to 4 p.c. of oil. In England the complete umbels are 
harvested for oil distillation when they are completely developed, 
but not quite mature, because the oil of the fresh, unripe fruits 
is preferred to that of the mature and dry seeds ''). This explains 
the deviation in the properties of the English oils. 


*) Liebig’s Annalen 51 (1844), 336. 

*) Bericht von Schimmel St Co. October 1887, 35. 

*) H. Haensel, Pharm. Ztg. 48 (1903), 58. 

*) H. Hirzel, |oum. f. prakt. Chem. I. 46 (1849), 292; Pharm. Zentralbl. 
1840, 37. — Wagner, )oum. f. prakt. Chem. I. 62 (1854), 280. 

-') Chemist and Druggist's Diary 1808, 235. 
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The dried exhausted fruits contain') 14.5 to 15.6 p.c. protein 
and 15.5 to 18 p.c. fat. They are used as cattle fodder. 

Properties. The oil is colorless at first hut upon standing 
becomes yellow. The odor reminds strongly of caraway oil, but 
differs from it by its specific dill aroma. The taste is mild at 
first, but becomes sharp and burning, dj,. 0.895 to 0.915, in 
exceptional cases as high as 0.917, and mostly above 0.900; 
((j, + 70 to +82°; nj,j„J.484 to 1.490; carvone content, deter¬ 
mined with sodium sulphite (see Vol. 1, p. 584) about 40 to 55, 
seldom as high as 60 p.c.; soluble in 4 to 9 vol. and more of 
80 p.c. alcohol, in exceptional cases even in 1.5 to 2 vol. 

An English oil'^) had the following properties: dj^. 0.906; 
(/„ + 80°2'; soluble in 6 and more volumes of 80 p.c. alcohol. 
It gave a decided phellandrene test. In connection with two 
other English oils Schimmel S( Co. observed the following pro¬ 
perties: djj,0.9073 and 0.9245; + 8r51' and + 73°30'; 

n„j„. 1.48365 and 1.48681; soluble in 6 to 7 vol. pf 80 p.c. 
alcohol; carvone content 38 and 32 p.c.; both oils gave decided 
tests for phellandrene. 

Dill fruits from Cape Colony yielded a distillate corresponding 
to the normal oil; dij.0.9117; n„ + 77°3'; soluble in 6 to 6.5 vol, 
of 80 p.c. alcohol®). 

Composition. The principal constituent of dill oil is carvone ') 
of which it contains from 40 to 60 p.c. Inasmuch as the dill 
carvone has the same angle of rotation as the carvone from 
caraway oil, both are to be regarded as identical in every respect*)"), 

As to the terpenes of this oil, 0. Wallach") proved the 
presence of d-limonene in fraction 175 to 180° by preparing its 
tetrabromide melting at 104 to 105°. 

While limonene constitutes the bulk of the terpenes of dill 
oil, other terpenes are present. R. Nietzki?) isolated 10 p.c. of 

') Uh^sch, Die landwirtschaftlichen Versuchsstationen 42 (1893), 62. 
of Schimmel ^ Co. April 1897, 15. 

°) P^H. Record 1 (1910), 290. 

*) ), fflipadstone, |oum. Chem. Soc. 25 (1872), 1 efseq.; )ahresb. f. Chem. 
1872, 816. 

'•) A. Beyer, Arch, der Pharm. 221 (1883), 283. 

«) Liebig’s Annalen 227 (1885), 292. 

') Arch, der Pharm. 204 (1874), 317. 
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a hydrocarbon b. p. 155 to 160°, which yielded terpin 

hydrate, but no crystalline hydrochloride. This oil may have been 
adulterated. In connection with an English oil, which presumably 
was distilled from the immature umbels, Schimmel S Co. report 0 
that sodium nitrite and glacial acetic acid afforded a decided 
phellandrene reaction. Repeating this test with unfractionated 
German oils, negative results were obtained., However, when 
the first fraction of German dill oil was used the presence of 
phellandrene was established by means of its nitrite. The 
Spanish oil which, however, is commonly distilled from the herb, 
yields the phellandrene test without fractionation as does the 
English 2). 

Dill apiol, b.p. 285", which occurs in East Indian dill oil, is 
not contained in the German oil distilled from the fruit. In an 
attempt to ascertain the presence of this substance by means 
of fractional distillation, it was ascertained that this oil contains 
next to no substance boiling higher than carvone*). In the flask 
there remained a small residue that congealed to a brown mass. 
From its petroleum ether solution crystalline lamina: melting at 
64" were abtained. Judging from its indifference toward sulphuric 
acid, it consisted of paraffin. 

Adulteration. From Galicia Schimmel 8f Co.*) obtained an 
oil that was grossly adulterated with anethol or an oil containing 
anethol, presumably fennel oil. 

735. Oil of Dill Herb. 

Origin. The dill oil distilled in Spain is distilled from the 
herb, probably herb with immature fruit. The English oil, which, • 
as already stated on p. 373, is distilled from immature umbels, 
occupies an intermediate position between the Spanish and the 
normal oil from the ripe fruits. 

Properties. The oil of dill herb is colorless or greenish- 
blue*): dj,.0.906 to 0.933; 37 to +51°; no,„.1.4|kto 1.497; 

soluble in 3 to 5 vol. of 90 p.c. alcohol; the carvooMlbntent is 

*) Report of Schimmel £f Co. April 1807, 15. 

’) Ibidem October 1898, 19. 

>) Ibidem April 1910, 47. , 

*) Ibidem November 1908, 49. 
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small, one oil yielding 16p.c. by the hydroxylamine method‘). 
The oil contains much phellandrene, yielding a decided nitrite 
test with sodium nitrite and glacial acetic acid without previous 
fractionation. 

Composition. As shown by Schimmel ^ Co.^), the bulk of 
the oil from the herb of the dill plant consists of phellandrene, 
more particularly of a-pheflandrene (a„ 88‘’22'; di^. 0.8494; 

m. p. of nitrite 109 to 113‘''*). Of other terpenes the oil contains 
terpinene (m. p. of nitrite 155 to 156 ’; melting point of dihydro¬ 
chloride 51 to 52”; m. p. of terpinene terpin 136 to 137”), also 
limonene or dipentene (m. p. of c/'s-terpin hydrate 116 to 117 ’). 
Of oxygenated constituents the following were found^): small 
amounts of carvone (m.p. of semicarbazone 161 to 162"; dill 
apiol (m. p. of dill/soapiol 44 to 45°; m. p. of dillapiolic acid 
150 to 151"), also a substance that melted at 44 to 45" and 
presumably was dilHsoapiol. The high boiling fractions contain 
a blue substance, and the distillation residue consisted pf a mass 
that congealed upon cooling. Purified by niteans of absolute 
alcohol it was of waxy consistency. 

736. East Indian Dill Oil. 

Origin. The oil from East Indian and japanese dill, Anethuni 
Sowa, D.C. (A. Sowa, Roxb.) differs not only in its physical 
properties but also in its chemical composition from that of 
Anethum graveolens, L.'*). 

Properties. The East Indian oil, yield 2 to 3 p. c., has a 
specific gravity of 0.948*) to 0.970*) at 15°, and an optical 
rotation of +41°30'*) to -H47°30'*). 


‘) Report of Schimmel 5 Co. April 190.% 30. 

•) Ibidem 1908, 49. 

“) Although F. A. Fliickiger and D. Hanbury (Pharmacographia) do not 
regard Easftidian dltl as a separate species modem opinion tends to look 
upon the fl|n (also fapanese) dill as distinct, both because of its botanical 
differencesjHpalso because of the great difference in the volatile oil. Hence 
it has beei^amed Anethum Sowa, D.C. (Comp. Umney, Pharmaceutical 
|oum. 61 (1898), 176 and Report of Schimmel 5 Co. October 1898, 10.) 

*) |. C. Umney, Pharmaceutical )oum. 111. 26 (1895), 977. 

*) Report of Schimmel h Co. October 1891, 21. 
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In connection with japanese oil,). C. Umney observed d,,,..0.964 
and f 50° 30'. 

Composition. During the distillation of the Indian fruits a 
substance separated which sank in water, a phenomenon that 
had never been observed in connection with ordinary dill oiD). 
According to the investigation of G. Ciamician and P. Silber-) 
this specifically heavy substance is the dill apiol, an isomer of 
the closely related apiol from parsley oil. For its constitution, 
properties and derivatives see Vol. I, p. 491. 

737. Parsnip Oil. 

Origin. Parsnip, Pastinaca sativa, L., is cultivated extensively 
as vegetable, but also grows wild practically all over Europe. 
All parts of the plant contain oil, which, however, is most abundant 
in the fruits. 

On. Oh THE FRUITS. 

Fresh umbels with fruits of the wild plant yield 0.4 to 0.6 p. c., 
dry fruits 1.5 to 3.6 p. c. of oil. The yield from fruits of the 
cultivated plants is about half as great. 

Properties, d,5.0.869'') to 0.885; inactive or slightly l«vo- 
gyrate up’to —0°30', in one instance +0.13" was observed”); 
n„ 2 „. 1.428 to 1.435; A.V. 2 to 10; E.V. 218 to 270; E.V. after 
acetylation 260 to 296; soluble in 2 to 3 vol. of 80 p.c. alcohol. 

Composition. The chemical composition of the oil seems to 
change with the degree of maturity of the fruits. 

). j. van Renesse‘) found that the largest part of an oil 
distilled from mature fruits boiled between 244 and 245° and 
consisted of the octyl ester of normal butyric acid. The acid 
obtained from the fraction boiling below 244° yielded upon analysis 
of the silver salt figures which indicated a mixture of butyric 
acid and acids with a lower carbon content. Whether this is 
propionic acid, as assumed by van Renesse, or some other acid, 
remains to be seen. 

' *) Report of Schimmel Co. October 1891, 21. 

“) Bert. Berichte 29 (1896), 1799. 

“) H. Haensel, Apotheker Ztg. 22 (1907), 275. 

*) Liebig’s Annalen 196 (1873), 82. 



378 


Family: UmbellifeR/E. 


More complex was an oil obtained by H. Gutzeit') from ripe 
and half-ripe fruits. It consisted essentially of three fractions: 
58.6 p.c. of fraction 195 to 210", 29.3 p.c. of fraction 233 to 240°, 
and 12.1 p.c. of fraction 240 to 270°. In the aqueous distillate 
Gutzeit found ethyl alcohol. 

H. HaenseP) analyzed the barium salt of a fatty acid, the 
results of which analysis agreed well with the formula for heptoic 
acid. Schimmel Co.-') obtained during the investigation of several 
kilograms of parsnip oil a mixture of fatty acids from which 
appreciable amounts of caproic acid (d,^.0.934; b.p. 204 to 206°; 
silver determination of silver salt) resulted upon fractional 
distillation. 

Oil of the Umbels. 

Dried umbels, from which the fruits had been removed, yielded 
upon distillation 0.3 p.c. of oil*) which had a dark reddish-brown 
color and which had a very faint odor of oil of ambrette seeds. 
dj,.1.0168; «„-0°50'; n„,„. 1.50049; A.V. 4.2; E.V. 62.9; E.V. 
after acetylation 86.2; soluble in 6.5 vol. of 80 p.c. alcohol with 
separation of paraffin. 

Oil of the Roots. 

The fresh roots of Pastinaca sativa, L. yielded 0.35 p.c. of 
a light yellow oil*) the odor of which reminded somewhat of 
vetiver. d„.1.0765; «„-0"10'; n,„„J.52502; A.V.3,9; E.V. 12.6; 
E.V. after acetylation 33.7; not completely soluble in 10 vol. of 
80 p.c. alcohol, soluble in 0.6 vol. and more of 90 p.c. alcohol. 

Oil of the Entire Plant. 

From an Italian parsnip oil which had been distilled from 
the entire plant with a yield of 0.1 p.c. Roure-Bertrand Fils') 
record the following constants: d,j, 0.8970; «j, + 0°6'; A.V. 5.6; 
S.V. 228.9; E.V. after acetylation 251.1; soluble in 2 vol. and 
more of 80 p.c. alcohol, the addition of more alcohol causing 
the separation of a considerable amount of paraHin. 

’) Liebig’s Annalen 177 (1875), 372. 

») Apotheker Ztg. 22 (1907), 275. 

*) Report of Schimmel S Co. November 1908, 94. 

*) Ibidem October 1906, 52. — In place of “dry roots” it should read 
“fresh root”. 

'I Berichte von. Roure-Bertrand Fils April 1912, 28. 
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738. Oil of Heracleum Sphondylium. 

Origin and Production. The fruits of fieracleum Sphondylium, 
L., Ger. Barenklau, which is distributed throughout Europe, yield 
0.3 to 3 p.c. of oil. However, this great difference is due less 
to fluctuation in the oil content than to differences in the water 
content of the fruits. 

Properties. The oil is a yellowish liquid, with a peculiar 
penetrating and persistent odor, a sharp taste and an acid 
reaction, dij.0.871 to 0.880; «j,-f-0°12'to-f 1°6'; n„2„J.426 to 
1.433; A. V. 4 to 16; E.V. 214 to 276; E.V. after acetylation 276 
to 302; soluble in 0,5 to 1.2 vol. and more of 80 p.c. alcohol, some 
oils are soluble even in 9 to 10 vol. of 70 p.c. alcohol*). 

Composition. The oils distilled from the fruits of several 
Heracleum species have no practical value, it is true, nevertheless 
they are interesting scientifically in more than one respect. On the 
one hand, they contain the fatty acid esters of several alcohols 
of the methane series that are otherwise difficultly obtainable. 
On the other hand the predominating constituents of the oils 
distilled from fruits in various stages of maturity admit of phyto- 
physiological conclusions. It has been ascertained that not only 
the oil content, but the chemical composition of the oils depends 
on the degree of maturity of the fruits. In the oils distilled from 
half-ripe fruits are found compounds with lower carbon content 
which are wanting in the oils of mature fruits and which apparently 
disappear during the growth of the plant. Hence it is assumed 
that the substances with a lower carbon content are formed first 
and that they are utilized later in the synthesis of the compounds 
with more carbon atoms. 

A Heracleum oil examined by Th. Zincke'*) boiled between 
190 and 270° and consisted for the most part of the acetic and 
caproic esters of normal octyl alcohol. The free alcohol which was 
present is presumably not a normal constituent of the oil, but a 
product of hydrolysis of the esters resulting during the distillation. 

Somewhat more complicated were two oils distilled by 
W. Moslinger") which boiled between 110 and 291°. They 

*) Comp. Report of Schimmel 6 Co. October 1906, 41. 

*) Liebig’s Annalen 152 (1869),-1. 

") Berl. Berichte 9 (1876), 998; Liebig’s Annalen 185 (1877), 26. 
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contained the following compounds: 1. Ethyl butyrate. 2. A hexyl 
derivative, presumable the acetate. Of esters of octyl alcohol 
principally octyl acetate and octyl caproate, also some octyl 
caprinate and octyl laurate and possibly also the esters of the 
acids between caproic and lauric acids. In the aqueous distillate 
methyl alcohol, ethyl alcohol and ammonia were found. 

Oil of the Umbels without Fruits. 

The dried umbels deprived of their fruits were distilled by 
Schimmel £( Co.') who obtained 0.08 p. c. The odor of the 
yellowish-brown oil is very different from that of the fruits, 
d,,.0.9273; «„-0°48'; n,„,„J.46031; A.V. 16.2; E.V. 148.6; E.V. 
after acetylation 195.9; soluble in 1.1 vol. of 80 p.c. alcohol, the 
addition of more solvent causing opalescence and a decided 
separation of paraffin. 

739. Oil of Heracleum giganteum. 

Origin and Production. The dry, ripe fruits of Heracleum 
giganteum hort. {H. viUosum, Fisch.) yield, upon distillation, as 
much as 3.6 p.c. of oil. 

Properties. Two oils examined by Schimmel 8; Co.')") revealed 
the following constants: d,j.0.8722 and 0.8738; «„-f ri4' and 
-I- rO'; n„2„»1.42402 (one observation); A.V. 1.6 and 3.7; E.V. 288 
and 281; E.V. after acetylation 314 and 311; soluble in 1 and 
in 1.2 vol. and more of 80p.e. alcohol. 

Composition. The oil examined by A. Franchimont and 
Th. Zincke") was distilled from a foreign species of Heracleum, 
in all probability H. giganteum. Its principal constituents were 
hexyl butyrate and octyl acetate. 

Upon distillation of not fully ripe fruits of Heracleum gigan¬ 
teum hort. H. Gutzeit*) obtained 0.56 p.c. of oil, from mature 
and partly dry fruits as much as 2 p.c. Upon fractionation it 
distilled over between 130 and 250°, fraction 130 to 170’ con¬ 
taining ethyl butyrate. 

') Report of Schimmel S Co. October 1906, 41. 

’) Ibidem October 1906, 41; April 1908, 57. 

T Liebig’s Annalen 168 (1872), 193. 

-) Ibidem 177 (1875), 344. 
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The aqueous distillate contained ethyl and methyl alcohols. 
In the oil of ripe fruits the methyl alcohol predominated, whereas 
in the oil of the unripe fruit the ethyl alcohol predominated. 

740. Oil of Daucus Carota. 

Origin. The fruits of the carrot, Daucus Carota, L., Ger. 
Mohre, yield, upon distillation from 0.8 to 1.6 p.c. of oil. From 
French fruits, however, only 0.5 p.c. were obtained*). 

Properties. The oil is colorless or yellow with a pleasant 
odor reminding of carrots. d,„,. 0.870 to 0.9440'); — 11 to — 37 

n„,„„ 1.482 to 1.491; A.V. 1 to 5; E.V. 17 to 52, E.V. after 
acetylation (2 determinations) 77.5 and 95.7. 

Composition. M. Landsberg-) suspected the presence of 
pinene in the oil and of a substance in the portion 

boiling above 200°, without, however, being able to identify them. 
Later E.Richter-') identified the following compounds: free butyric 
acid (probably /sobutyric acid) and palmitic acid and, in ester 
combination, acetic and possibly also formic acids. From fraction 
150 to 160 " of the laevogyrate portions of the saponified oil, 
Richter isolated a fraction 158 to 166° (d,,.0.8633; —8.45° in 

which he proved the presence of pinene by means of its nitroso- 
chloride and its benzylamide. In fraction 168 to 176° (d^^. 0.8624; 

— 5.85°) he found VHmonene (nitrosochloride; m.p. of nitrol- 
piperidide 103 to 106°). The high-boiling portions contained a 
crystalline substance which Richter calls dauco! and 

which he regards as a diatomic sesquiterpene alcohol. This 
compound, purified by means of its xanthogenic ester, crystallizes 
in white needles with a silky lustre that melt at 115 to 116°; 
Miiir” to —17.47 ’. Acetylation yielded but one acetyl 
group although the presence of two oxygen atoms would seem to 
indicate the presence of two hydroxy groups. Bromine did not add. 

The carrot roof*) yields, upon distillation, but 0.0114 p.c. 
of a colorless oil with a specific gravity of 0.8863 at 11.2°. 

') Report of Schimmei S Co. October 1907, 31. 

’) Arch, der Pharm. 228 (1890), 85. 

*) Ibidem 2t7 (1909), 391, 401. — Comp, also E. DeuSen, Berl. Berichte 
48 (1910), 523 and Report of Schimmei & Co. April 1910, 29. 

‘) Wackenroder, Magaz. d. Pharm. :)3 (1831), 145. 
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741. Laserpitium Oil. 

From the fruits of a species belonging to the umbelliferous 
genus Laserpitium, H. Haensel*) obtained 1.87 p.c. of a dark 
green oil the odor of which reminded of anise and caraway, 
d^y. 0.9538; A.V. 3.2; S.V. 15.5; S.V. after acetylation 28.5. The 
presence of limonene, eugenol or dihydroeugenol methyl ether. 
and a paraffin melting at 57 to 58° was established. 


Family: PIROLACEJE. 

742. Oil of Monotropa Hypopitys. 

The oil of Monotropa Hypopitys, L., family Pirofaceae, which 
is frequently found in forests as parasite on roots was first 
distilled in 1857 by F. L. Winckler^). From the plants with almost 
fully developed flowers he distilled an oil that corresponded to 
wintergreen oil from Gauftheria procumbens. Later E. Bourquelot*) 
once more proved the identity of this oil with that of winter- 
green. His investigations rapal that the oil does not occur in 
the plant as such but in tTO;4orm of a glucosidc which, in all 
probability, is identical with the gaultherin isolated by A. Schneegans 
and |. E. Gerock*) from the bark of Betufa lenta. Acted upon 
by an enzyme contained in the plant, or by dilute sulphuric acid, 
this glucoside is hydrolyzed into methyl salicylate and sugar. 

Family: ERICACEAE. 

743. Oil of Labrador Tea. 

Oleum Led! paluetris. — Porschlil. — Essence de Ledon. 

Origin and Production. All parts of Ledum palustre L., family 
Ericaceae, Ger. Sumpf-Porsch or Porst, yield upon distillation; 
from 0.3 to 2 p.c. of volatile oil, which mostly is so rich p 

■) Chem. Zentrabl. 1906, II. 14%. 

“) Neues |ahrb. d. Pharm. 7 (1857), 107; Vierteljahrsschrift f. prakt. 
Pharm. 6 (1857), 571; fahresb. f. Chemie 1857, 520. 

’) )oum. de Pharm. et Chim. V. 80 (1894) 435 and VI. 3 (1896), 577. - 
Compt. rend. 119 (1894), 802 and 122 (1896), 1002. 

•) Arch, der Pharm. 282 (1894), 437. 
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stearoptene that it congeals to a solid mass at ordinary temper¬ 
ature. Sometimes, however, exposure of fractions to the temper¬ 
ature of a freezing mixture will not induce crystallization'). 
According to ). Trapp the reason for the variable yield, also for 
the differences in the composition of the oil is to be found in the 
the difference of the stage of development during which the parts 
of the plants were distilled. If a large yield with a high stearoptene 
content is desired, the twigs must be distilled shortly before, during, 
or immediately after the flowering period. E. Hjelt, however, could 
not find that the season or stage of development exercised a 
particular influence on the amount of volatile substances. 

Properties. Labrador tea oil is a greenish or reddish, viscid 
liquid of a penetrating, narcotic odor and a pungent, unpleasant 
and persistent taste. dj5,0.93 to 0.96. The portions of the oil 
freed from ledum camphor boil between 180 and 250°. 

Composition. The oil, prepared first by Rauchfuss") in 1796, 
has since that time been examined by numerous investigators"). 
However, B. Rizza*) and E. Hjelt") were the first to reveal the 
chemical nature of the ledum camphor. 

This substance crystallizes from alcohol in beautiful, long 
needles that melt at 104 to 105°. It boils at 282 to 283° and, 
in alcoholic solution, is slightly dextrogyrate, [a]] 7.98°. Ledum 

camphor is a sesquiterpene hydrate, Cj^Hj^O, the hydroxy group 
of which is so labile that its alcoholic nature cannot be proven 
directly. Treated with benzoyl chloride or sulphuric acid ledenc, 
a sesquiterpene Cj^Hj^ boiling at 255°, results. Potassium per¬ 
manganate does not act on it, thus showing that ledum camphor 

‘) Bericht von Schimmel fS Co. October IHH7, 35. 

") Trommsdorffs )oum. der Pharm. 8 (1796), 189. 

") Meissner, Berl. )ahrb. d. Pharm. 18, 11. (1812), 180. — Grassmann, Rep. 
f. d. Pharm. 88 (1831), 53. — A. Buchner ibidem 57 und Neues Rep. f. d. 
Pharm. 6 (1856), 1. — E. Willigk, Wiener Academ. Berichte 9 (1852), 302. — 
A. FrShde, Journ. f. prakt. Chem. 82 (1861), 181. — ). Trapp, Zeitschr. f. Chem. 
r* (1869), 350; Berl. Berichte 8 (1875), 542; Pharm. Zeitschr. f. Russl. 84 (1895), 
561 u. 661. — N. Ivanov, Pharm. Zeitschr. f. Russl. 5 (1876), 577. — E. Hjelt 
and U. Collan, Berl. Berichte 15 (1882), 2500. — B. Rizza, Berl. Berichte Jft 
(1883), 2311. 

*) Zeitschr. der russ. phys.-chem. Ges. 19, I (1887), 319; Chem. Zentralbl. 
1887, 1257. 

») Berl. Berichte 88 (1895), 3087. 
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is a tertiary alcohol'). According to K- Lomidse") it contains no 
double linkage as is shown by its behavior toward bromine. 

As shown by E. Sundvik, ledum camphor is a strong poison 
acting on the central nervous system. 

The liquid portion of the oil is a ketone of the formula 


744. Oil of Alpine Rhododendron. 

From the leaves and flowers of several species of Rhodo¬ 
dendron (family Ericaceee), Ger. Alpenrose, H. Haensel ’) distilled 
0.123 p.c. of a yellow oil with the pungent aromatic odor of the 
alpine Rhododendron, d^. 0.8620; - - 4.33°. With sodium 

acid sulphite traces of an aldehyde could be separated. The oil 
freed from aldehyde had a S. V. of 20.5 and after acetylation 36.2. 
Fraction 150 to 160° yielded small amounts of a nitrosochloride 
melting at 102 to 103° which, however, reacted neither with 
piperidine nor benzylamine. 

Distillation of the woody stems yielded 0.0097 p.c. of an 
oil which resembled that from the leaves and flowPrs as to 
odor and color. 


745. Oil of Wintergreen. 

Oleum Gaultherite. -- Wintergriiniil. — Essence de GaultheHa. 

Origin. Gaukheria procumbens, L., one of the North 
American Ericaceae, occurs from New England to Minnesota 
and to the south as far as Georgia and Alabama. On account 
of the peculiar, pleasant xidor and taste that is developed during 
the chewing of the leaves it was used at an early period by 
the colonists. Thus, e. g. during the Revolutionary War, they 
were used as a substitute for Chinese tea*). 

Production. The production of wintergreen oil has always 
been carried out in a rather primitive way, since the distillation 


*) Comp, also H. Wienhaus, Berl. Berichte 47 (1914) 322 and Report of 
Schimmel S Co. November 1008, 139, footnote. 

*) Farmaz. ). 42 (1903), 1037; Chem. Ztg. Repert. 27 (1903), 284. 

») Chem.Zentralbl. ISHIG, II. 1495; 1907, I. 1332. 

*) C. F. Rafinesque, Medical Flora of the United States of North America. 
1828. Vol. I, p. 204. 
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of the fresh plant has been conducted on the spot by small 
farmers. The industry was started in the New England States'), 
but was later extended to the wooded mountainous regions of 
New York, New |ersey, Pennsylvania, Virginia and Maryland. 
As stills, old copper, whiskey .stills of different sizes, mostly 
with a capacity of from 200 to 400 gals, are used 0. Occasionally 
large boxes of firm oak planks, about 8 ft. in length, 4 ft. high, 
and 4 to 5 ft. wide are constructed. For the most part, however, 
whiskey barrels made of oak staves held together by iron rings 
are employed. The perforated bottom is made to fit tightly on 
a cast iron kettle which is filled with water for distillation. The 
upper end of the barrel is provided with a copper helmet connected 
with a spiral condenser contained in a large wooden vat. 

The distillation is carried out only during a few months of 
the year. The body of the still is filled with the chopped plant 
thoroughly moistened with water. This chopped material is 
allowed to stand over night and next morning the fire is started. 
As a rule the distillation is completed in eight hours.' About 
90 p.c. of the oil passes over between the first 2 to 3 hours, 
the remaining 10 p.c. in the course of the next 3 to 4 hours. 

The crude oil is colored red from the iron of the condenser. 
The distiller on a small scale sells the crude oil to wholesale 
druggists who purify the oil by rectification''). 

Detailed accounts have appeared in an American journal*) 
concerning the production of wintergreen oil in Monroe County, 
Pa. About 60 stills are distributed over an area of 200 square 
miles. Some of these stills are permanent, others are itinerant, 
being removed as soon as the region is stripped of material. 
The harvest begins about the middle of April and ends with 
the change of weather in fall. Up to the middle of September 
the temperature is such that the material must be distilled at 
once. An experienced picker can harvest about 100 lbs. per day. 

The leaves harvested in September, /. e. the new growth 
of the past summer, constitute the best material. The old 

■) Proceed. Americ. Phartti. Ass. SS (1880), 269; :lO (1882), 184. 

. *) Americ. )ourn. Pharm. 51 (1879), 439. 

>) Ibidem 58 (1884), 264. 

9 Americ. Perfumer 5 (1910), 192. 

GaDEMEISTER, THE VOLATI1.I: Uri.8. III. 
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is a tertiary alcohol'). According to K- Lomidse") it contains no 
double linkage as is shown by its behavior toward bromine. 

As shown by E. Sundvik, ledum camphor is a strong poison 
acting on the central nervous system. 

The liquid portion of the oil is a ketone of the formula 


744. Oil of Alpine Rhododendron. 

From the leaves and flowers of several species of Rhodo¬ 
dendron (family Ericaceee), Ger. Alpenrose, H. Haensel ’) distilled 
0.123 p.c. of a yellow oil with the pungent aromatic odor of the 
alpine Rhododendron, d^. 0.8620; - - 4.33°. With sodium 

acid sulphite traces of an aldehyde could be separated. The oil 
freed from aldehyde had a S. V. of 20.5 and after acetylation 36.2. 
Fraction 150 to 160° yielded small amounts of a nitrosochloride 
melting at 102 to 103° which, however, reacted neither with 
piperidine nor benzylamine. 

Distillation of the woody stems yielded 0.0097 p.c. of an 
oil which resembled that from the leaves and flowPrs as to 
odor and color. 


745. Oil of Wintergreen. 

Oleum Gaultherite. -- Wintergriiniil. — Essence de GaultheHa. 

Origin. Gaukheria procumbens, L., one of the North 
American Ericaceae, occurs from New England to Minnesota 
and to the south as far as Georgia and Alabama. On account 
of the peculiar, pleasant xidor and taste that is developed during 
the chewing of the leaves it was used at an early period by 
the colonists. Thus, e. g. during the Revolutionary War, they 
were used as a substitute for Chinese tea*). 

Production. The production of wintergreen oil has always 
been carried out in a rather primitive way, since the distillation 


*) Comp, also H. Wienhaus, Berl. Berichte 47 (1914) 322 and Report of 
Schimmel S Co. November 1008, 139, footnote. 

*) Farmaz. ). 42 (1903), 1037; Chem. Ztg. Repert. 27 (1903), 284. 

») Chem.Zentralbl. ISHIG, II. 1495; 1907, I. 1332. 

*) C. F. Rafinesque, Medical Flora of the United States of North America. 
1828. Vol. I, p. 204. 
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rotation, enable the detection of most adulterants, more 
cularly that with petroleum which has been observed frequently. 
Admixture of oil of lietula lenta which so closely resembles 
wintergreen oil, or of artificial methyl salicylate can be recognized 
only by the lowering of the angle of rotation below — 0'’25'. 

The details for testing this oil have been described under 
oil of sweet birch in Vol. II, p. 321. 

An English journal') recommends the following color reaction 
tor the detection of artificial salicylate:—To 5 drops of the oil 
to be tested contained in a test tube 5 drops of a 5 p.c. alcoholic 
solution of vanillin and I ccm. alcohol arc added. To the well 
mixed solution 2 ccm. of concentrated sulphuric acid are added 
and the solution again shaken. Pure gaultheria oil yields an 
intensely deep red, pure betula oil a deep blood-red color, artificial 
ester a yellow color. The author concludes that it is possible 
thus to differentiate pure natural oil from such to which much 
artificial methyl salicylate has been added. However, he does 
not claim, and rightly so, that the test will yield practical results. 

Schimmcl 8( Co.®) repeated the test with oils distilled by 
themselves and could verify the results in a general way. They 
found, however, that in connection with betula oil the color, at 
first, was much lighter than with gaultheria oil. In the course 
of time both shades became equally darker, so that finally a 
difference was scarcely noticeable. Artificial oil revealed the 
yellow color mentioned above. 

Composition. Methyl salicylate, the principal constituent of 
wintergreen oil, was known to W. Procter*) and A. A. Ph. Cahours*) 
since the forties of the past century. Concerning the minor 
constituents opinions differed greatly. It was the investigation of 
F. B. Power and C. Kleber'’) that cleared up the nature of the 
non-methyl-salicylate constituents of both oil of wintergreen and 
oil of birch. In order to avoid decomposition these chemists 
did not saponify the oil as had previously been done but availed 

') Perfum. Record 5 (19U), 60. 

-) Report of Schimmel S Co. April 1814, 98. 

“’) Americ. journ. Pharm. 14 (1842), 211.—Liebig’s Annalen 48 (1843), 66. 

^) Annal. de Chim. et Phys. III. 10 (1844), 327.-Liebig’s Annalen 4S 
(1843), 60; 52 (1844), 327. 

”) Pharm. Rundschau (New York) 13 (1695), 228. 
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themselves of the property of the methyl salicylate to form a 
readily soluble potassium derivative. By means of this all of 
the methyl salicylate was removed from the oil by shaking 
its ethereal solution with 7.5 p.c. potassium hydroxide solution. 
Only 1.05 p.c. of the oil did not combine with the alkali and 
remained as a semi-solid mass at ordinary temperature. It 
consisted of the following compounds: 1. A paraffin CnH,,||, „ 
which, since it melted at 65.5°, must be regarded as triacontanv, 
2. An aldehyde or ketone, which, when regenerated 
from its bisulphite addition product, has the odor of oenanth- 
aldchyde and which, upon oxidation with potassium permanganate, 
yields an acid, the silver salt of which corresponds to the 
formula C„H|,0,,Ag. 3. An alcohol C„H,„0, b.p. 160 to 165 , 
that corresponds to the aldehyde or ketone already mentioned. 
4. An ester Ci 4 H .,402 boiling between 230 and 235 ' (135 under 
25 mm. pressure). Upon saponification this yields the alcohol 
C„H„0 and the acid C„H||,0., which results upon oxidation of 
the ketone. The alcohol as well as the ester possess the very 
penetrating, characteristic odor which differentiates wintergreen 
oil from artificial methyl salicylate. 

746. Oil of Gaultheria punctata. 

Origin and Production. Gaultheria punctata, Blume (Gaultheria 
fragrantissima, Wall., G. Iragrans, D. Don., Arbutus laurilolius, 
Buch.-Ham.)^) is a well developed shrub which occurs in groups 
over wide areas of the higher Nilgiri regions, but also occurs 
frequently to the south in the Palni and Travancore Hills'^). 
Furthermore this shrub is found in the highlands of the Dutch 
Indies, in )ava as well as in Sumatra. Its Malay name is Sari 
moedjari. The oil is called Gondapoera oil®). 

This oil, also known as Indian wintergreen oil, is distilled 
by the natives around Utakamand (Nilgiri) from the leaves by 
simple water distillation in primitive copper stills, such as are 
used in India for the production of grass oils.- The output is 

') ). C. Sawer, Odorographia, vol. II, p. 340.—Comp, also E. Kremers 
and M. |ames, Pharm. Review 18 (1898), 105. 

*) Report of Schimmel S Co. October 1911, 96. 

A Bulletin No. 48 van het Koloniaal Museum te Haarlem, )uly 1911, p. 125. 
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very insignificant. For the most part the producers are distillers 
of eucalyptus oil, who also distill some wintergreen oil. An 
expansion of the industry, however, is possible, since the crude 
material may be had in abundance. 

The yield attained by the natives is very small, due possibly 
to improper methods. The oil is sold for domestic use only, 
and the demand does not appear to be large. Whereas 
). t. de Vrij obtained a yield of 1.15 p.c., a distillation in Buiten- 
zorg') yielded only 0.75 p.c. of oil. 

Properties. In connection with an Indian distillate, Schimmel 
Si Co. ') observed the following constants: — d^. 1.1877; in¬ 
active; n„.^„, 1.53485; E.V. 364.8 99 p.c. of methyl salicylate; 

soluble in 7 vol. of 70 p.c. alcohol. An oil distilled in Buiten- 
zorg') had the following properties: d„„. 1.175; «„ inactive; 
S.V. 360.6 = 97.9 p.c. methyl salicylate. 

Composition. De Vrij”) who in 1859 distilled the oil from plants 
which he found in the extinct volcano Patoea, Java, ascertained 
that it consisted almost exclusively of methyl salicylate. 

In 1879 H. Kohler*) re-examined the same oil distilled by 
de Vrij without, apparently, knowing about the statements as 
to the composition of the oil made by de Vrij in 1871. The 
optically inactive oil boiled between 221 and 222^ Upon sapo¬ 
nification it yielded an amount of salicylic acid, m.p. 155 to 
156", corresponding to pure methyl salicylate. 

In all probability the Andromeda Leschcnaultii which grows 
abundantly in the Milgiri Mountains of India, and in the leaves 
of which j. Broughton') in 1867 found methyl salicylate, is 
ideritical with G. punctata, Bl. 

747. Oil of Gaultheria leucocarpa. 

Like the oil of G. punctata that from the leaves of Gaul¬ 
theria leucocarpa, Blume, indigenous to java, is known as 


') )aarb. dep. landb. in Med.-Indie, Batavia l!HO, 47. 
-') Report of Schimmei 8| Co. October 1911, db. 

“) Pharmaceutical journ. 111. 2 (1871), 503. 

'*) Berl. Berichte 12 (1879), 246. 

“) Pharmaceutical journ. III. 2 (1871), 281. 



Primula Root Oil. 


391 


Gondapocra oil in the country of its production. It is used 
as a remedy, also as perfume. Thus it is employed to perfume 
the garments of Indian princes*). In Sumatra the leaves are 
chewed as a kind of Sirih'-). 

According to ). E. de Vrij ') the fresh leaves yield upon 
distillation 0.012 p.c. of oil which consists principally of methyl 
salicylate. H. Kohler*) examined the same oil, which was optically 
inactive and boiled at 221 to 223', thus verifying de Vrij’s results. 

748. Erica Oil. 

Schimmel 8j Co."’) examined an Essence de Bruyere") ob¬ 
tained from Australia which probably was derived from a species 
of Erica. This oil with an agreeable, aromatic odor had a 
faint bluish-green color (traces of copper); dj^. 0.8587; «„ -|-2"44'; 
soluble in 4.5 vol. and more of 90 p.c. alcohol. 


Family: PRIMULACEA:. 

749. Primula Root Oil. 

In addition to cyclamin, a saponin, the roots of Primula 
con's. L.'), family Primulaceae, contain the glucosides primverin 
and primulaverin of which the first yields the so-called primula 
camphor"). It is obtained upon distillation of the roots and 
separates from the distillate either as handsome, lustrous six-sided 
lamina; or as a semisolid mass. Its odor is fennel or anise-like. 
Its taste is at first burning, then sweet, again fennel-like. It melts 
at 49 and boils over 200". 

‘) Bulletin No. 48 van het Koloniaal Museum te Haarlem, July IMI, p. 125. 

*) Sirih is a preparation made of various aromatic herbs used for 
chewing and esteemed by the Malays. 

“) Pharmaceutical |ourn. 111. 2 (1871), 503. 

*) Berl. Berichte 12 (1879), 247. 

') Report of Schimmel § Co. April BMH, 97. 

") As to a Tonkin oil designated Essence de Bruytre see Oil of Cathetus 
fascicuiata (family Euphorbiacex), p. 146. 

’) According to the Index Kewensis Primula veris, L = P. eiatwr. 
Hill., P. vulgaris, Huds., and P. officinalis, Jacq. 

") L. Mutschler, Liebig’s Annalen 185 (1877), 222. - Comp, al.so Hunefeld, 
|ourn. f. prakt. Chem. " (1836), 57 and 1(1 (1839),‘I1I. 
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Upon distillation of 300 kg. of roots H. Brunner i) obtained 
170 g. of crude camphor. The rectified product boiled at 255 
and had a specific gravity of 1.2155. Upon saponification the 
camphor did not yield salicylic acid, p claimed by Mutschler, 
but m-methoxy salicylic acid melting at 140'. Like the camphor 
itself, it yields an intensively violet color with ferric chloride. 
The molecule contains two methoxy groups, hence primula 
camphor may be regarded as the methyl ester of m-methoxy 
salicylic acid. 

A. Goris and )_. Uucher-) observed that when the fresh roots 
of Primula officinalis, |acq. are rubbed between the fingers an 
anise-like odor results which results from enzyme action. 

Later A. Goris and M. Maseru') ascertained that the roots 
of Primula officinalis, Jack., Ger. Schfusselbfume, contain the 
glucosides primverin and primulaverin, also the enzyme primverase. 
Their investigations were then continued with C. Vishniac'). 
According to a special method, described by them in detail, 1 kg. 
of fresh root yielded an average of 1 g. ^=^1 p. c. of a mixture 
of crude glucosides. From this 20 to 25‘^'t. of primverin and 
10 to 15 p.c. of primulaverin were isolated. The extraction must 
have been incomplete for the volatile oil yield of the roots is 
0.08 p.c. corresponding to a 0.2 p.c. yield of glucosides. 

The roots of Primula /(ewensis, hort. yielded 0.2 p.c. of 
glucosides, computed with reference to the fresh herb, which were 
identical with those found in the species previously mentioned. 

Primverin is a glucoside that crystallizes without 

water of crystallization and which melts at 203 to 204° on the 
bloc Maquenne, hence its melting point is 206°. [«]„ - 71.53 ’. 
Upon hydrolysis one molecule of primverin yields two molecules 
of monoses and one molecule of ^-methyl ether of ,i-resorcylic 
acid methyl ester. It was impossible to characterize the monoses 
which are contained in the primverin molecule as biose, which is 
hydrolyzed during the action of the acid on the glucoside. The 

') Schweiz. Wochenschr. f. Chem. u. Pharm. 42 (1904), 305. 

'5 Bull. Sciences pharmacol. 13 (1906), 536. Through Pharm. Ztg. 51 (1906), 
1104 and Pharmaceutical )ourn. 77 (1906), 627. 

•’) Compt. rend. 149 (1909), 947; Report of Schimmel &Co. April 1910,161. 

*) Beriehte von Roure-Bertrand Fils October 1912, 3. — Bull. Sciences 
pharmacol. 14 (1912), 577. 
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biose can be obtained from the glucoside by the action of prim- 
verase. It is a new biose and has been named primverose. Of 
the two monoses named above, one is probably a pentose, the 
other a hexose. 

The /)-methyI ether of (^t-resorcylic acid methyl ester (4-methoxy 
salicylic acid methyl ester) is the principal constituent of the 
volatile oil of primula root. It melts at 49". Its constitution was 
recognized by elementary analysis and saponification to the 
yo-methyl ether of ,t-resorcylic acid (4-methoxy salicylic acid) 
melting at 158 to 159°. This acid had the same properties as 
the product described by F. Tiemann and A.'Parrisius'). Further 
proof of its constitution was supplied by demethylating with the 
aid of hydrogen iodide and subsequent decarboxylation, thus 
producing resorcinol. 

The hydrolysis of primverin by means of enzyme and by 
means of acid is shown by the following equation: - 

I. Cleavage by means of enzyme: — 

COOCH, COOCH-, I" 

C,H> - 0 - t HsO = C.iHsoO.i, | C„H,, - OH i-' 

" OCHj Pnmvcro.M OCH, 

Primverin /i-Mctliylclher-,:i-ic8orcyiic .icid 

methyl ester 

II. Cleavage by means of acids: — 

Primverin-f 2hjOCoHi-iOe-f CsHioOn [ />-Methylether-,.:/-resorcylic acid 
Hexose Pentose methyl ester. 

As primulaverin the authors designate a substance that melts 
at 161 to 163°: “n -66.56°. it crystallizes with two molecules 
of water of crystallization and has the same empirical composition 
as primverin. It is probably a product of isomorphous crystal¬ 
lization of primverin with primulaverin proper, which has not 
yet been isolated in a pure state. The volatile oil which results 
upon hydrolysis of primulaverin is a mixture of the methyl 
esters of ^-methyl ether of fl-resorcylic acid and of m-methoxy 
salicylic acid. 

In order to study the composition of the volatile oil of the 
root, 40 kg. of fresh primula root were well crushed and macerated 
with water during 24 to 28 hours. Upon distillation the mixture 
frothed considerably. From the aqueous distillate there separated 


■) Berl. Berichte 18 (1880), 2376. 
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8,56 g. — 0.0214 p. c. of pearly scales, whereas the aqueous distillate 
contained in solution 26 g. ~ 0.065 p.c. of a mass about “/4 of 
which was solid. The total yield amounted to 0.0864 p. c. The 
solid mass crystallized from dilute alcohol in needles melting at 
49 to 5! '. When greatly diluted the solution has a decided odor 
of anise, in greater concentration its odor reminds of that of 
the cinnamates, later of that of salicylates of methyl and benzyl 
alcohols. Saponified, the solid mass yielded /?-methyl ether of 
(■.'-resorcylic acid (m.p. 158"); the liquid portions yielded principally 
/?7-methoxy salicylic acid (melting point 142 to 143"). 

In order to obtain the oil of the flowers these were first 
covered with water and distilled after 6 hours’ standing, yielding 

O. 00086 p. c. of a light green oil. The oil consists of saponifiable 
and non-saponifiable parts. The former likewise yielded the 
p-methyl ether of ti-resorcylic acid and m-methoxy salicylic acid. 
The composition of the non-saponifiable portions has not yet been 
ascertained. 

Whether primverase is a new enzyme has not yet been decided 
by the authors. Doubtlesly it is closely related to, if not identical 
with, betulasc, which occurs in Betula lenta, Gaultheria pro- 
cumbens and Monofropa Hypopitys. The enzyme was obtained 
as a powder from the dried leaves. The glucosides were first 
removed by extraction with alcohol and ether leaving the enzyme 
in the powdered leaves. Emulsin, invertin, the Aspergillus enzyme, 
and myrosin do not act on the primula glucosides. On the other 
hand the enzymes of Monotropa Hypopitys, Betula lenta and 
Gaultheria procumbens, when prepared like primverase, cause 
hydrolysis. 

The question of the distribution of the enzyme in the Primula 
does not admit of definite answer. In the roots it predominates 
in the central cylinder. The overground portions contain it 
principally in the fibrovascular bundles or in the epidermal cells 
of the calyx and above all in those of the corolla. The glucoside 
is found in all parts of the plant. 

Primverase is an enzyme very widely distributed in the family 
Primulacese. Its presence has been ascertained in Primula elatior, 

P. Auricula, L., Samolus Valerandi, L., Lysimachia vulgaris, l... 
/.. nemorum, L., /.. nummularia, L., Anagallis arvensis, L., 
Hottonia palustris, L., Dodecatheon Meodia, L., Glaux mari- 
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tima, L., and Cyclamen latifolium, Sibth. et Sm. Not always 
do the plants contain the glucosides as well as the enzyme. 

Unlike Primula oliicinalis, not all fresh primula roots give off 
an anise odor when crushed in a mortar. However, the aqueous 
solution of the extracts yields the characteristic color reaction. 

An a/7/se-like odor is developed by: Primula /(vwensis, Hort., 
P. oliicinalis, |acq., P. verticiUala, Forsk., P. capitata, Hook., 
P. megaseifolia, Boiss., P. Poissonii, Franck., P. cashemiriana, 
P. rosea, Boyle, P. mollis, Nutt, ex Hook., P. Forsterii, Stein, 
and P. japonica, A. Grey. 

The odor of methyl or amyl salicylate is developed by: 
Primula longillora. All., P. frondosa, janka, P. grandillora, Lam., 
P. acaulis. Hill,, P. cortusuoides, L., P. ohconica, Hance and 
P. elatior. Hill. 

A coriander-Wke odor is developed by Primula Auricula, L., 
P. pannonica, A. Kern and P. Palinuri, Petagn. 

In connection with Primula involucrata. Wall, no odor was 
observable. 

Furthermore a faint odor of methyl salicylate was observed 
in connection with l.ysimachia nemorurn, L., whereas the roots 
of Dodecatheon Meodia, L. yield an aw/se-like odor upon crushing 
and Anagallis arvensis, L. a valerian-Wke odor. 

The three last-mentioned plants likewise belong to the 
Primulaceae family. 

Family: OLE ACE A:. 

750. Oil of Olive Leaves. 

Dry leaves of Olea europaea, L. (family Oleaceae) yield upon 
distillation 0.04 p.c. of a volatile oil of salve-like consistence, 
yellow color and a pleasant odor; m. p. 26.5°'). 

751. Oil of Iasmine. 

Origin and Production % Jasminum grandillorum, L, (family 
Oleacem) is a native of East India where it is used in the 

') H. Haensel, Chetn. Zentralbl. 1901, II. 410. 

*) B. Marsh, Americ. Perfumer 2 (1907), 104. — L. Mazuyer, Journ. Parfum. 
et Savonn. 21 (1908), 194. — Ch. d’Aribenti, Parfum. moderne « (1913), 149. 
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production of perfume. On account of its fragrance the Spanish 
iasnrine has been cultivated in southern France for more than 
150 years. In southern Europe the large flowering species is 
grafted on the Jasminum officinale, L., which grows wild. In 
March the wild plants are planted in rows 80 cm. apart, the 
individual plants 10 cm. apart in the rows. In the following 
year, or in the second year, the grafting is done and during the 
summer of the same year the first flowers can be harvested. 
The harvest begins toward the end of |uly and lasts until the 
middle of October, the principal flowering season lasting from 
the middle of August to the middle of September. In October 
all of the plants must be covered with earth since they are very 
sensitive to frost. One thousand plants yield between 25 and 
65 kg. of flowers, or an average of about 40 kg. The hectare 
with 100000 plants yields 4000 kg. of flowers. The annual con¬ 
sumption of flowers in southern France is estimated between 
4 to 6000000 kg. The principal centres of production are around 
Grasse, Hyeres and Seillans. 

Although a volatile oil can be obtained by steam distillation 
and subsequent extraction of the aqueous distillate with ether, 
this method is not used in the technological production of the 
perfume, neither is the method of extraction with hot fat or 
vaseline. The most convenient method and the one requiring 
least labor is the extraction with petroleum ether. However, 
this does not afford as good a yield as does the cnfleurage 
process (See Vol. I, p. 288.) True, the yields according to this 
method are not always nine times as great as those of the 
extraction method as A. Hesse determined in connection with 
his first experiments. Sometimes they are only again as great. 
Nevertheless, the detailed investigations of Hesse') show that 
the flowers, after they have been cut, /. e., under the conditions 
under which the enfleurage process is conducted, produce con¬ 
siderable amounts of perfume. Indeed, these investigations have 
proven the correctness of Passy’s hypothesis''). 

*) A, Hesse and F. Muller, Berl. Berichte iJ2 (1899), 565, 765; A. Hesse, 
ibidem 82 (1899), 2611; 38 (1900), 1585; 3# (1901), 291, 2916 ; 37 (1904), 1457. - 
Chem. Industrie 25 (1902), 1. 

'■) ). Passy, Compt. rend. 124 (t897), 783. — Comp. vol. 1, p. 246. 
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Fig. 28. Jasmin harvest in Seillans, Dep. du Var, southern France. 
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A jasmine pomade enters commerce from East India where 
it is likewise prepared by the enfleurage process, as described 
in 1839 in a letter by Dr. jackson addressed to the publisher of 
The Asiatic Journal, of Calcutta'). Layers of sesamum seed are 
moistened with water. On top of these the natives place a layer 
of jasmine flowers, cover the whole with cloth and let stand 
for'12 to 18 hours. After that the fat, charged with perfume, is 
expressed from the seeds ground in an ordinary mill. 

As already stated, the yield depends on the method of 
pi eparation. By means of the enfleurage process Hesse obtained 
0.1784 p.c. of oil rectified by steam. From the flowers, after 
the enfleurage, steam distillation extracted an additional 0.0195 p.c. 
of oil. Computed with reference to the enfleurage a froid as 
made in France, the yield amounts to from 0.395 to 0.595 p.c. 
From Indian pomade Schimmel 8| Co. separated 0.3 to 0.4 p.c. 
of volatile oil of jasmine. 

The yields obtained from extraction with petroleum ether 
vary considerably. In one instance Hesse obtained 0.0178 p.c., 
in another twice as much. H. v. Soden '-’), however, reports yields 
as high as 0.071 and 0.077 p.c. Upon distillation of fresh flowers 
with water vapor and extraction of the aqueous distillate with 
ether, Hesse obtained 0.0194 p.c. of jasmine oil. 

Properties. The volatile oil of jasmine as such does not con¬ 
stitute an article of commerce, but is sold in the form of jasmine 
pomade or as concrete oil of jasmine (obtained by extraction). 
The properties of jasmine oil vary considerably"). In part this 
is due to differences in the method of preparation, in part to 
other causes. The specific gravity fluctuates between 0.920 and 
1.015; the optical rotation between —1" and -|-4"15'; the ester 
value between 155 and 270, which, computed as benzyl acetate, 
corresponds to an ester content of from 41 to 72 p.c. 

") Watt, The commercial products of India. London 1908, p. 820. 

•) journ. f. prakt. Chem. II. 051 (1904), 267. 

“) The statements made by P. jeancard and C. Satie (Bull. Soc. chim. 2* 
[1900], 556) about the properties of jasmin oil obtained by enfleurage with 
vaselin, are, according to Hesse (Berl. Berichte 84 [1901], 291) not exact, 
since the oil must have contained vaselin. 
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Composition. The first investigations on the composition of 
jasmine oil were published by A. Verley") who claimed that the 
so-called “jasmol”, the odoriferous principle of the oil, was the 
methylene acetal of phenylglycol. As was shown by A. Hesse 
and F. Mdller^), this substance®) is not a constituent of jasmine 
oil. They in turn found considerable amounts of benzyl acetate*), 
also benzyl alcohol (benzaldehyde; m. p. of benzoic acid 121..'3 ), 
linalool (presumably dextrogyrate) and l/nalyl acetate, l.ater '), 
A. Hesse isolated other substances that are of greatest importance 
so far as the odor is concerned; indol (m. p. of picratc 52 ), 
anthranilic acid methyl ester (m, p. of anthranilic acid 144 to 
145°) and jasmone, a ketone of the formula CjjH,„0. This is 
a light yellow oil which becomes dark upon standing, has a 
specific gravity of 0.945 and boils at 257 to 258" under 775 mm. 
pressure. It is characterized by an oxime which crystallizes in 
fine needles that melt at 45” and by its semicarbazone that melts 
at 201 to 204 . 

Hesse assigns the following quantitative composition to 
jasmin oil obtained by enfleurage: 


65 p.c. Benzyl acetate 

7.5 „ Linalyl acetate 

6 „ Benzyl alcohol 

15.5 „ Linalool 


2.5 p.c. Indol 
0.5 „ Anthranilic acid 
methyl ester 
3 „ jasmone. 


The occurrence of anthranilic acid methyl ester and of indol 
has not been observed in connection with all products. Thus 


*) Coinpt. rend. I2H (1899), 3t4; Bull. Soc. chim. III. 21 (1899), 226. 

’) Loc. cit. 

“) Schimmel S Co. (Report of Schimmel § Co. April 18SS, 29) likewise, 
in their investigation made in 1895, found benzyl acetate and benzyl alcohol, 
also linalyl acetate, but no substance having the propertie.s of jasmol. 

*) In their patent application E. 5958 (D. R. P.122290) H. and E. Erdmann 
mention a mixture of benzyl alcohol, benzyl acetate, linalool and anthranilic 
acid methylester as an illustration of artificial jasmin oil, without, however, 
stating that they had found these substances in genuine jasmin oil. On this 
statement they base a priority claim (Berl. Berichte 84 [1901], 2281) which 
Hesse (Berl. Berichte 34 [1901], 2916) contends together with other con¬ 
clusions drawn therefrom. Comp.further: E.Erdmann, Berl. Berichte85(1902),27. 

’•) Loc. cit. 
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some jasmin oils obtained by extraction with petroleum ether 
contained anthranilic acid methyl ester, others not. Again indol 
was found in some oils and not in others. As yet no explana¬ 
tion has been found for these peculiarities. It is possible that 
both indol and methyl anthranilate are contained in the flowers, 
not as such, but as condensation products which under conditions, 
as yet not understood, break up into their components‘), 

According to F. Elze"*), p-cresol and geraniol are two other 
constituents of the oil of jasmin flowers. The /?-cresol was 
isolated by means of 2 p.c. sodium hydroxide solution and 
characterized by converting it into p-cresol methyl ether (b.p. 175 ' 
under 748.5 mm.; d,j. 0.964), which upon oxidation with potassium 
permanganate yielded anisic acid (m.p. 180°). In the oil deprived 
of /7-cresol Elze proved the presence of geraniol in the fraction 
boiling between 75 and 102" (3 mm.). He isolated it by means 
of its calcium chloride coj^pound after havip treated the fraction 
previously with phthalic add anhydride: b.p^29 to 130° (25 mm.); 
dis.0.883; i 0°; m.p. of the diphenyl urethane 82°. The 
geraniol occurs in the oil in the free condition. 

The wax which remains after the volatile oil has been washed 
out of the pomade has been examined by L. G. Radcliffe and 
J. Allan") with the following results; —congealing point 56 to 57°; 
S.V. 65.8 (inasmuch as the wax was difficultly saponifiable, the 
operation had to be conducted in amyl alcohol solution); iodine 
value according to Wijs 52 to 53. Individual constituents were 
not identified in the wax. 

Family: GENT/AlSACEyC. 

752. Oil of Menyanthes trifoliata. 

From the dry herb of Menyanthes trifoliata L. (Ger. Bitter- 
klee or Fieberklee, family Gentianaceae), H. HaenseH) obtained 
0.0677 p. c. of, a solid oil that melted at 37.5°. 

') Comely,volf Soden, toe. cit. 

*) ChenTztg. 34 (1910), 912. 

“) joum. Soc. Chem. Industry 28 (1909) 227. 

*) Apotheker Ztg. 16 (1901), 281. 
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Family: APOCYNACEA:. 

753. Oil of Plumiera acutifolia. 

P/i/OT/era acutifolia Poir. (family Apocynaceac) is a tree') that 

40 k! of th cemeteries of the Philippines. From 

40 kg. of the flowers which have a faint odor reminding distinctly 
frangipani, R. F. Bacon ■‘) tried in vain to distil! a volatile oil 

Lrr V conducted experiments revealed 

that the fragrance is destroyed when heated to 40'. Extraction 
with low boiling petroleum ether and removal of the solvent by 

oior rT" '"""T ^ pleasant 

odor. Better lesults were obtained by maceration with paraffin oil. 

754. Oil of Apocynum androsaemifolium. 

androsxmifoUum. L., one of the 
north American Apocynacex, has been examined by C.W. Moore•'). 
rom the alcoholic extract water vapor drove over a small amount 
of volatile oil (3 g. from 19 kg. of rhizome =. 0.016 p.c.) of light 
yellow color and a strong persistent odor; d|.p.948; b.p. 130 

oil gave a decided reaction for fur¬ 
fural. The presence of acctova/7/7/o/;e, CH,0-C„H.,(OH).CO CH, 
(m. p. 112 to 114"), was likewise established. Larger amounts 
of this substance were obtained from the non-volatile part of 

r^N acetovanilloneglucoside, CH,,.CO 

„H,0CH^Q C„FI„0„ + 2H..0, a new glucoside which Moore 
named an^sm. It is readily soluble in hot dilute alcohol, 
nasmuch Is it is hydrolyzed by emulsin it is a /f-glucoside. 

755. Oil of Oleander Leaves. 

The distillation of the leaves of Nerium Oleander, L. (family 
Ap^ynace^) yields 0.025 p.c. of a dark colored oil which at 
ordinary temperature is partly solid. It is slightly dextrogyrate 
and has a strong spicy odor and taste*). 

0 A colored illustration of the flower is to be found in the Berichte 
von Roure-Bertrand FiLs April 1909, 33. It is also pointed out there Lt the 
common designation Plumeria or Plumieria is not appliable. 

) Philippine )oum. of Sc. 4 (1909), A, 131. 

“) lourn. Chem. Soc. 9."> (1909), 734. 

9 H. Haensel, Zeitschr. f. angew. Chem. 14 (1901), 989. 

Ciiloemetster, The volatile oils. III. 26 
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810. Oil of Thyme. 

Oleum Thymi. — Thymianiil. — Essence de Thym. 

Origin. Prench oil of thyme is distilled principally from the 
fresh, flowering herb in the mountains of southern iTancc, where 
Thymus vulgaris, L. grows abundantly. It is the same territory 
in which rosemary oil') is produced. The distillation is carried 
on in May and June. The small woody stems of thyme are found 
in open woods as well as in shadeless coast districts of the 
Riviera, also in the mountainous regions of the Maritime Alps 
to an altitude of 1000 m. 

From which plant Spanish oil of thyme is distilled is uncertain. 
Its character and composition which rather resemble those of 
origanum oil (Spanisch Hopfeno! l/^retisch Dostenolj) suggest 
a different botanical source. However, inasmuch as there are 
Spanish thyme oils which resemble the French as to properties, 
it may be assumed that in different districts different species ol 
thyme are distilled. 

Algerian oil of thyme which is produced principally in the 
province of Oran '-') is distilled from the herb of Thymus algeriensis, 
Boiss. et Reut. {Th. ciUatus, Benth.) '). 

So-called Cyprian oil of thyme is an origanum oil and has 
been described as such on p. 486 (Spanisch Hopfenoi). 

The yields obtained from oil of thyme have reference to the 
distillations of cultivated herb, from which, however, the com¬ 
mercial oil is not obtained as a rule. Fresh German herb yields 
0.2 to 0.5 p. c., dry 0.4 to 1.7 p.c. of oil; fresh French plants 
cultivated in Germany yielded 0.9 p. c., dry herb 2.5 to 2.6 p. c 
of oil. For Algerian oil a yield of 1.5 p. c. (from dry herb?) is 
recorded"). 

Properties. French oil of thyme (like the German, which 
however, is of little or no commercial importance) is a dirty 
dark reddish-brown liquid, of a pleasant, strong odor of thyme 
and a pungent, sharp, persistent taste. The specific gravity o' 
a pure oil is invariably above 0.900, that of good French oils 

') Berichtc von Roure-Bertrand Fils October lilOO, 25. 

") Ibidem October 1906, 42. 

•■') Bull, mensuel de I’office dii gouv. Tunisien; according to )oiirn. Parfiim 
et Savonn. 22 (1909), 6; Report of Schimmel 5 Co. April 1H09, 107. 
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mostly between 0.905 and 0.915. In connection with their own 
distillates of fresh and dry herb Schimmel S( Co. observed 0.909 
to 0.935. The optical rotation is slightly laevogyrate, up to—4°, 
but for the most part cannot be determined because of the dark 
color of the oil. It dissolves in V* vol. of 90 p. c. alcohol and 
in 1 to 2 vol. of 80 p. c. alcohol, of 70 p.c. alcohol from 15 to 
30 vol. are mostly required to effect a clear solution. In normal 
oils the phenol content is mostly 20 to 30 p. c., rarely up to 42 p. c. 
As a rule the phenol of French and German oils is thymol, some¬ 
times, however, carvacrol or a mixture of both. 

Oil of thyme rectified in the ordinary manner quickly resumes 
the dark color of the crude oil. In order to obtain a light yellow 
oil wijh full phenol content special precautions have to be exer¬ 
cised during rectification. 

Inasmuch as the consumers are apt to lay unnecessary stress 
on the color of the oil, in southern France oil of thyme is frequently 
distilled with several volumes of turpentine oil. Hence so-called 
white oil of thyme of commerce is mostly nothing more or less 
than a turpentine oil containing a small portion of oil of thyme. 
Frequently their thymol content is 1 to 2 p. c., rarely as high as 
5 p.c. This explains the remarkable fact that rectified oil of 
thyme is frequently quoted a lower price than the crude oil. 

Very different from the French and German oils of thyme 
is the Spanish, the color of which is frequently a dark green. 
The specific gravity lies between 0.930 and 0.956; a^-t-roO' to 
—3°, mostly laevogyrate; n,,,#* 1-504 to 1.510. The phenol content 
is 50 to 74 p. c. and consists exclusively of carvacrol and no 
thymol. It is further distinguished from the French and German 
oils by its greater solubility, for it yields a clear solution with 
2 to 3 vol. of 70 p. c. ■ alcohol. These striking differences render 
a different botanical origin of the Spanish oil probable. 

More recently, however, Spanish oils have entered commerce 
from Malaga, Granada, Barcelona, etc. the composition of which 
approximates that of the French oils, more particularly in so far 
as they contain thymol and no carvacrol. d^. 0.909 to 0.940; 
aj, — 0°25' to —8°20'; nj,,,, 1.491 to 1.499; soluble in 2 to 4 vol. 
and more of 80 p. c. alcohol. Thymol content 20 to 53 p. c. 

Composition. As the value of cassia oil is given by its cinnamic 
aldehyde content, that of clove oil by its eugenol content, that 




Fig. 38. Distillation of thyme oil in Spain. 
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of bergamot oil by its linalyl acetate content, so the value of oil 
of thyme is given by its thymol (or carvacrol) content. Although 
thymol was observed as early as 1719, hence is one of the oldest 
of known volatile oil constituents, its composition was not correctly 
determined until 1853 by A. Lallemand'). He established the 
commonly accepted formula C„|H ,40 as against previously 

proposed by L. Dover!®). 

Occasionally thymol crystallizes from old oils in the cold. 
Completely it can be separated only by shaking it out with caustic 
lye. It melts at 50° to 51.5° and boils at 232°. Its properties and 
characteristic derivatives have been described in vol. I p. 471. 

However, thymol is not the only phenol in oil of thyme. At 
times it is replaced in part, at times it appeares to be replaced 
entirely by its isomer carvacrol (for its properties see vol. I, 
p. 473). What conditions favor the occurrence of the one and 
what that of the other has not been ascertained. Schimmel Co. 
record the following observations in connection with oils distilled 
by themselves: French, dry herb yielded an oil that contained much 
thymol and little carvacrol. The distillation of fresh French herb 
raised in Germany yielded an oil, the phenol of which consisted 
exclusively of carvacrol. Both fresh and dry German thyme 
yielded oil containing thymol only. Most of the Spanish oils contain 
carvacrol only and no thymol. This phenol content (see Properties) 
is also much larger than that of any other oil of thyme. 

That oil of thyme probably contains a third phenol becomes 
apparent from the greenish-black color produced in the oil upon 
the addition of ferric chloride. 

Other constituents found in oil of thyme by Lallemand are: 
cymene, C,„H,„ b. p. 175°, and thymene, Ci„Hj„, boiling between 
160 and 165° and laevogyrate. Inasmuch as Schimmel Si Co.”) 
have established the identity of this hydrocarbon with \-a-pinene, 
the term thymene should be dropped. /-Pinene is present in thyme 
oil in small amounts only, so that its presence can be established 
only then when larger amounts of oil are available. 

‘) Compt. rend. 37 (1853), 498. — Liebig’s Annalen lOt (1857), 119. — 
Annal. de Chim. et Phys. 111. 411 (1857), 148. — Liebig’s Annalen 102 (1857), 119. 

®) Annal. de Chim. et Phys. III. 20 (1847), 174. — Liebig’s Annalen 04 
(1848), 374. 

”) Report of Schimmel ft Co. October 1804, 56. 
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Fig. 39. Distillation of thyme oil in Spain. 
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H. Labb6') did not succeed in obtaining a solid hydrochloride 
from fraction 155 to 158". With amyl nitrite and hydrochloric 
acid he obtained a nitrosochloride melting at 106.5° (the melting 
point of pinene nitrosochloride is 1.03°, but frequently it is higher), 
hence he concludes that pinene is not a constituent of oil of thyme. 
The preparation of either the benzylamine or piperidine derivatives 
could have removed his doubts. In fraction 165 to 169° Labbe 
claims to have found menthene. He obtained a nitrosochloride 
melting at 113 tq 113.5", and upon oxidation of the fraction with 
permanganate cymene resulted. As a matter of fact the melting 
points of the nitrosochlorides are totally unsuited for the charac¬ 
terization of hydrocarbons, unless their preparation is supple¬ 
mented by that of nitrolamines. This, however, was neglected. 
The fact that cymene was obtained proves nothing since this 
hydrocarbon is a constituent of. the oil and may have preexisted 
in the fraction examined. 

Of the more difficultly volatile, non-phenol constituents of 
the oil, fraction 195 to 230°’“) possessed a distinct odor of borneol 
and linalool. inasmuch as a separation of these two substances 
by distillation could not be effected because of the proximity of 
their boiling points, this fraction was oxidized with chromic acid 
and the oxidation product distilled in vacuum. One part of the 
distillate congealed and was shown to be camphor by its melting 
point at 176° and its oxime (m. p. 117 to 118°). The liquid portion 
yielded a crystalline compound upon shaking with sodium bisulphite 
solution. Washed with alcohol, and ether and decomposed with 
caustic soda, a liquid with a decided odor of citral separated. 
The citryl-/?-naphthocihchoninic acid prepared therefrom melted 
at 197°. Hence the oxidation products of fraction 195 to 230° 
of thyme oil are camphor and citral. The formation of the former 
presupposes the presence of borneol, that of the latter linalool. 
The occurrence of linalool was later verified by Labbd'*) by 
converting this alcohol into geraniol (m. p. of silver geranyl- 
phthalate 133°). Upon oxidation of the borneoT fraction Labbd 
likewise obtained camphor. 


‘) Bull. Soc. chim. 111. 19 (1898), 1009. 

•) Report of Sctiimmel S Co. October 1894, 56. 
’) Loc. cit. 
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According to ). Schindelmeiser*), crystals had separated from 
a French oil of thyme that had been kept for a long time in a 
lead container with a coating of zinc. From alcohol and water 
they crystallized in well developed, stout columns that melted 
at 169°. This substance had the composition Ci^FljjOa, was 
optically inactive and sublimed as low as 80°. With hydrogen 
bromide in glacial acetic acid solution there resulted a compound 
CioH,«-2HBr melting at 68°, and with dilute sulphuric acid a 
liquid that had a limonene-like odor and which seemed to contain 
a tcrpinolene. Schindelmeiser is of the opinion that the substance 
is possibly identical with the one found by Schimmel 8j Co.“) in 
juniper berry oil which crystallized at 165 to 166° (see vol. II, p. 163). 

Examination. The most common adulterant of oil of thyme 
is oil of turpentine. For the production of the so-called white oil 
of thyme this form of adulteration is in general practice. The 
addition of turpentine oil lowers the specific gravity below 0.900 
and diminishes the solubility in alcohol. Another consequence is 
the lowering of the phenol content, hence the determination of the 
phenol content is of greatest importance in the examination of oil 
of thyme. A simple method, which possesses sufficient accuracy 
for all practical purposes has been described in vol. 1, p. 590. 

A chemical method for the determination of thymol and 
carvacrol in volatile oils has been worked out by Kremers and 
Schreiner. It is described in vol. 1, p. 594. On p. 595, line 8 
from below it should read iodine solution, noi thiosulphate solution, 
an error that becomes apparent from the context. 

$11. Oil of Thymus Mastichina. 

Thymus Mastichina, L., which occurs in the Mediterranean 
region”) is known in Spain as forest marjoram (Mejorana si/- 
vestre, Ger. Waldma/oran). Although the plant is cultivated 
extensively in Spain, and although considerable amounts of the 
oil are exported, nothing is known about its composition. 
Authentic samples of the oil have been examined by B. Dorron- 


‘) Apotheker Ztg. 22 (1907), 853. 

“) Report of Schimmel & Co. October 1895, 49. 

”) See M. Wilikomm, Grundzuge der Ptianzenverbreitung auf der iberischen 
Halbinsel, Leipzig 1896. 
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soro‘). It is light yellow in color, becomes darker in the course 
of time and possesses a camphor-like odor reminding of thyme. 
Its constants are: dj„.0.907 to 0.945; «j|--0°50' to -l-4"40'; 
nj,j,,1.4630 to 1.4654; S. V. 12.7 to 18.5; ester content 4.44 to 
6.47 p.c. (computed as linalyl acetate); E. V. after acetylatio,n 
29.2 to. 49.3 == 8.2 to 14.09 p.c. alcohol It is soluble 

in all proportions in 94 p.c. alcohol, iii 0.5 to 1 vol. of 90 p.c. 
alcohol and in 1 to 3.7 vol. of 80 p.c. alcohol. In 70 p.c. alcohol 
it is not always soluble, requiring at times as much as 30 vol. 

Of free acids acetic acid was identified by its reaction with 
ferric chloride and its conversion into ethyl acetate, \sovaleric 
acid by its boiling point and the preparation of its /soamyl ester. 
The oil contained additional acids, but in such small amounts 
that they could not be characterized. Acetic and /sovaleric acids 
are likewise present as esters. In addition the oil contained 
a phenol (less than 0.1 p.c.) which did not crystallize, gave no 
color reaction with ferric chloride and no nitroso derivative. 
From the portions isolated by means of bisulphite (less than 
0.1 p.c.) a substance was isolated that had the odor of wine, 
possibly a ketone. Of terpenes the presence of d-((-pinene 
(7 to 8 p.c.) was proven (b. p. 168" under 710 mm. pressure, 
m. p. of nitrosochloride 103°; m. p. of nitrolpiperidide 118 to 119"; 
m. p. of nitrolbenzylamine 122 to 123°). In addition the oil 
contained very much (64 to 72 p.c.) of cineoi (addition product 
with phosphoric acid, m. p. of resorcinol addition product 80°). 
In fraction 185 to 195° Dorronsoro proved the presence of 
\-linalool, which he characterized by oxidizing it to citral and 
converting of the latter into (^-naphthocinchoninic acid, m.p. 197°. 

812. on of Wild Thyme. 

Oleum Serpyllt. — Quendelil. ~ Eesenoe de Serpolet. 

Origin. Thymus Serpyllum, L. (Ger. Quendel, Feldthymi'an, 
Feidkummel), which is found in Europe, North America, central 
and northern Asia, also Abyssinia, yields upon distillation but 
very little oil.* The yield from the dry herb Amounts to only 
0.15 to 0.6 p.c., less from the fresh. 

*) Contribucidn at estudio de las esencias espaholas. Esencia de 
me/orana si/yestre. Madrid 1910. Report of Schimmel hCo. April 1911, 111. 
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Properties. Oil of wild thyme is a colorless or golden- 
yellow liquid of a pleasant odor reminding of balm and slightly 
of thyme, dj 5 ,0.890 to 0.920; —10 to —21°. 

H. HaenseP) described a rectified oil of wild thyme: 
dis-0.9127; «j, - 11 °; S. V. 38; soluble in 1.15 parts of 80 p.c. 
alcohol. Upon distillation 23.3 p.c. went over up to 200°, 
26.7 p.c. above 240°. ' 

In southern France mixtures of the oils of origanum, penny¬ 
royal, spike and thyme are frequently sold as essence de ser- 
polet, which naturally have very different properties from those 
of genuine oil of wild thyme. 

Composition. The bulk of the oil distills between 175 to 180° 
and according to P. Febve^) consists of cymene, with 

which are admixed traces of a dextrogyrate hydrocarbon 

With alkali a small amount of phenol, about 1 p.c., can be 
shaken out of the oil. The phenol is not a chemical unit, but 
as shown by E. Jahns“), consists of carvacrol, thymol and 
a third phenol which, in alcoholic solution, yields a violet color 
with ferric chloride but has not been further examined‘). 

The higher boiling fractions, 200 .to 250°, contain, in addition 
to phenols, hydrocarbons, presumably sesquiterpenes. 

An oil examined by ). H. Gladstone'’) had a specific gravity 
of 0.884 and an optical rotation otj, — 31.6 and consisted almost 
entirely of a turpentine-like hydrocarbon. This is readily explain¬ 
able, for according to density and optical rotation the oil had 
been freely adulterated with French turpentine oil. 

813. Oil of Thymus capitatus. 

An oil distilled in the province of Granada in southern 
Spain from the fresh herb of Thymus capitatus, Lk., was 
examined by Schimmel 8 ; Co. who report as follows*): — 

The odor of the oil is strongly thyme-like reminding some¬ 
what of origanum. As to composition it resembles very much. 

>) Apotheker Ztg. 1» (1904), 271. 

. *) Compt. rend. 92 (1881), 1290. 

•) Arch, der Pharm. 216 (1880), 277. - Berl. Berichte 15 (1882), 819. 

*) E. Burl, Arch, der Pharm. 212 (1878), 485. 

*) )ourn.Chem.Soc.l7(1864),lerse9./ )ahresber.d.(jhem.l868,546and549. 

') Bericht von Schimmel S Co. October 1889, 56. 
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the oil from Satureja Thymbra. Its specific gravity is 0.901 
at 15°; the thymol content is small, only about 6 p.c. In addi¬ 
tion a liquid phenol is present, the boiling point in vacuum is 
close to that of thymol (carvacrol?). The other constituents 
are the same as those of Satureia Thymbra. a-Pinene, cymene, 
dipentene and bornyl acetate were proven to be present. 


814. Oil of Bystropogon origanifoHus. 

Bystropogon origanifoHus, L’Herit.^), a shrub that occurs 
frequently in the Canary Islands, yields a light yellow oil which 
resembles that of Mentha pulegium as to odor. djt,. 0.9248; 
((„-|-2°57'; nj, 2 „. 1.48229; A.V. 0; E.V. 11.1; E.V. after acetyla¬ 
tion 53.83; soluble in 2.5 vol. of 70 p.c. alcohol and in 0.7 vol. 
of 80 p.c. alcohol. Upon, distillation it passes over between 
162 and 234". 

The oil contains little \-limonene (m. p. of tetrabromide 104 ). 
Tlie bulk of the oil consists of pulegone (m. p. of oxime 157°) 
and some menthone (m. p. of semicarbazone 180 to 181°). 


815. Oil of Bystropogon mollis. 

According to A. Doering“), the Argentine mint Bystropogon 
mollis, Kth., yields 0.4 p.c. of volatile oil: d 0.918 to 0.920; it 
boils principally at 210° and contains about 0.7 p.c. of free acids, 
traces of a phenol and 2.5 p.c. of furfural. Menthol does not 
appear to be present. 


816. Cunila Oil. 

Cun Ha origanoides (L.), Briq. (C. Mariana, L. •'')), known as 
dittany in North America, yields 0.7 p.c. of a reddish-yellow oil 

*) Report of Schimmel Co. October 1902, 82. 

') Bol. Acad. Mac. Ciencias Cordoba 19 (1913), 379; )ourn. Chem. Soc. 
lOG (1914), 1172. 

“) According to Th. Peckolt (Berichte d. deutsch. pharm. Ges. 14 [1904], 
380), the fresh leaves of Cuni/a galioides, Benth. yield 0.174 p.c. of volatile 
oil with a patchouli-like odor. 
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that resembles oil of thyme and has a specific gravity of 0.915. 
A preliminary investigation revealed 40p.c. of phenol, presumably 
thymol^). 

817. Lycopus Oil. 

The dried herb of Lycopus virginicus. Mchx., known in 
America as wolfstraps and bugle weed, yields 0.075 p.c. of oil 
on distillation. It has a characteristic but difficultly definable 
odor. Spec. gr. 0.924 at 15°'^). 

818. on of European Pennyroyal. 

Oleum Menthee Pulegii. — Poleiol. -- Essence de Pouliot. 

Origin. Commercial European pennyroyal oil is distilled in 
the Spanish provinces Huelva and Cadiz, in southern France, 
Algeria, and recently also in Asiatic Turkey from the fresh herb 
of Mentha Pulegium, L. (Pu/egium vulgare, Mill.). For this 
purpose the wild plant is mostly used which thrives particularly in 
moist summers throughout the Mediterranean region. Moreover, 
it has migrated to South America (Chile). Attempts to cultivate 
the plant have been made in Sicily'’), whether successfully or 
not has not become known. 

Propeiiies. Pennyroyal oil has a yellowish to reddish-yellow 
color, occasionally with a bluish or greenish fluorescence and 
a strongly aromatic, minty odor. dj.,. 0.930 to 0.950; «„ j 15 
to r 25', a low rotation always indicates a low pulegone con¬ 
tent; n,,,.,,,. 1.483 to 1.486; pulegone content (determined according 
to the sulphite method described in vol. I, p. 589) about 80 p.c. 
and higher (up to 94 p.c.); soluble in 4 to 7 vol. and more of 
60 p.c. alcohol and in 1.5 to 2.5 vol. and more of 70 p.c. 
alcohol. In a few instances Algerian oils show opalescence 
in dilute solutions due to paraffin. 

Composition. Pennyroyal oil is very uniform in composition. 
Up to 212" only 5 p.c. pass over, the bulk, about 80 p.c., distills 
between 212 and 216" and consists principally of a ketone C|,|Hj„0 


*) Report of Schimmel S Co. October isOS, 45. — Comp, also Milleman, 
Americ. )ourn. Pharm. 38 (1866), 495. 

*) Report of Schimmel 9 Co. October 1890, 62. 

*) Pharmaceutical )ourn. 76(1905), 861; Chemist and Druggist 67 (1905), 970. 
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which E. Beckmann and M. Pleissner') named pulegone. The 
properties and derivatives of this substance, which, when pure, 
boils at 221 to 222°, have been described in vol. I, p. 461. 

Other constituents have been ascertained by L. T^try*). The 
lowest fraction, after repeated distillations over sodium, boiled 
between 170 and 173° and was strongly lasvogyrate. It yielded 
a bromide melting between 106 and 109 , in all probability a 
mixture of \-limonene and dipentene tetrabromide. A nitroso- 
chloride, m.p. 103°, could not be identified. Of oxygenated con¬ 
stituents, the following were found:, menthol (about 10 p.c. of 
the pulegone fraction; m.p. of menthylphenyl urethane 111 to 
112°) and menthone (m.p. of semicarbazone 184°). The high- 
boiling fractions contain a deep blue substance (azulene?)^). 

An oil examined by R. Kane^) cannot have been a pure 
pennyroyal oil, neither can a fraction of the boiling point 183 
to 185°, the analysis of which agreed with or C,„H,sO, 

have been pulegone. 

According to A. Butlerov'■) Russian pennyroyal oil is distilled 
from the herb of Pulegium micranthum, Claus"), a plant that 
grows in the steppes of southern Russia, more particularly around 
Sarepta and Astrachan. It has a specific gravity of 0.934. At 
202° it begins to distill and boils for the most part at 227". Its 
composition corresponds with the formula Presumably, 

therefore it consists principally of pulegone. 

Adulteration. Turpentine oil is the most common adulterant. 
In two instances Schimmel 8; Co.’) observed the addition of 
eucalyptus oil. This is a rather dangerous adulterant because 
its presence is not recognized by the odor, also because it alters 


Liebig’s Annalen 362 (1891), I. ■ 

") Bull. Soc. chim. HI. 27 (1902), 186. 

’) Observation made by Schimmel E| Co. 

*) Liebig’s Annalen 82 (1839), 286. — )oum. f. prakt. Chem. 15 (1838), 160. 
") jahresber. d. Chem. 1854, 594; Pharmazeut. Zentralbl. 1854, 359. 

") According to the Index Kewensis Pulegium micranthum, Claus = Mentha 
Pulegium, L. L. Briquet (Engler-PrantI, Die natSrlichen Pflanzenfamilien) 
differentiates a variety In southern Russia which he names Mentha Pulegium, L. 
subspec. micranthum (Fisch.), Briq. 

’) Report of Schimmel Ei Co. November 1908, 81. 
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the specific gravity and solubility but little. The pulegone con¬ 
tent of these oils was only 25 to30p.c. instead of SOp.c. The 
cineol, which is totally wanting in pure oils, was separated by 
means of its resorcinol compound, 

819. Oil of Peppermint. 

Oleum Menthae Plperltee. — PfelTermlnzSi. — Essence de Menthe Poivree. 

General. 

Origin. The problem of the botanical origin of the peppermint 
plant and its relation to other species of Mentha, one of the 
most difficult ones of systematic botany, has been solved only but 
recently. As late as 1891 F. A. Fliickiger*) designated as pepper¬ 
mint plant a representative of the genus Mentha which has the 
capacity to a high degree, to produce menthol. Now it is known 
that the plant which yields the peppermint oils of Europe and 
North America is not a peculiar species but a cross between 
Mentha viridis and M. aquatica. It has been designated Mentha 
piperita (L. p. p.), Huds. var. officinalis, Sole and of it there 
exist various groups, subspecies and forms which are cultivated 
for the production of the oil. They are indicated in connection 
with the description of the oils distilled in various countries®). 
Mentha canadensis var. piperascens, Briquet is to be regarded 
as the parent plant of the )apanese peppermint. 

Cultivation. The cultivation of peppermint will be found 
described in detail in connection with the American (p. 520) and 
)apanese (p. 531) oils. Here only a few observations and ex¬ 
periences may be mentioned that may stimulate further studies. 

First of all mention may be made of the detailed investigations 
made by H. Thoms in connection with japanese plants in the 
botanical garden of the Pharmaceutical Institute at Dahlem ®). They 
were later repeated in German Southwest Africa and in East Africa. 


‘) F. A. Fluckiger, Pharmakognosie ctes Pfianzenreichs. III. ed. Berlin 
1891, p.723. 

*) The very complicated botanical relationship has been elucidated by 
A. Tschirch, Handbuch der Pharmakognosie, vol. 2, p. 921 et seg. 

“) Arbeiten a. d. pharm. Institut der Universitat Berlin 8 (1910), 93; 9 
(1911), 47; 10 (1912), 75; 11 (1913), 57. — Berichte d. deutsch. pharm. Ges. 
20 (1910), 424. — Apotheker Ztg. 28 (1911), 686 ; 28 (1913), 67L 
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In the spring of 1909 Thoms obtained a small box of “roots” 
from a planter in Yamagata-Ken, japan. The transportation via 
the Siberian railway had lasted but three weeks, nevertheless a 
large part of the rhizomes had rotted. In April 1909 the remaining 
“roots” were set out in the light clay soil of Dahlem and in the 
course of the summer some of the plants had attained a height of 
“A m. In August a first distillation could be undertaken which 
showed that the Dahlem oil was identical with the japanese oil. 

The botanical examination of the plant was undertaken by 
Briquet, of Geneva, who determined it to be Mentha canadensis 
var. piperascens, Briq.'). 

In the summer of 1910 the distillation was repeated with 
a larger amount of material. The first distillation was under¬ 
taken toward the end of july. A yield of 0.087 to 0,091 p.c. 
with reference to the fresh plant was obtained, corresponding 
to a yield of 0.524 to 0.535 computed with reference to the dry 
material, judged by the experiences made in japan a larger 
yield was to be expected from the harvest in August just before 
the flowering period. That a smaller yield resulted (0.076 p.c. 
of the fresh herb, 0.455 p.c. computed with reference to the dry 
herb) is attributed to the appearance of a rust. This fungus, 
Puccinia Menthae, Pens, was observed in other parts of Germany 
during the same summer. On the quantitative composition of 
the oil this fungus does not seem to have any influence. That 
this may nevertheless be the case became apparent from a 
private communication to Professor Thoms by Dr. Bonder who 
for a number of years has been engaged in the cultivation of 
peppermint at Oldesloe, a German watering-place. Four thousand 
of his young plants were infected with Puccinia Menthae. They 
were not harvested because they were off color and had acquired 
a very unpleasant odor reminding of Mentha crispa.. Peculiar to 
relate, the Mentha aquatica growing abundantly in the neighbor¬ 
hood was not affected by this fungus. 

Together with the “roots" Thoms had obtained from the 
japanese planter mentioned above an oil distilled by himself. 
Its properties together with those of the German distilled oil are 
herewith tabulated:— 

*) Comp. C. M. Holmes, Perfum. Record 4 (19)3), 32. 
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d. 

^021®. 

Congealing point 

A. V. 

E. V. 

Menthol as ester . 
Free menthol . . 
Total menthol . . 


japanese Oil 

0.8998 (21°) 

-36 75° 
f 10 to f 10.5° 
4.42 
22.4 

6.23 p.c. 

73 p.c. 

66.7 p.c. 


Dahlem Oil 

{first <ind second crop) 

0.8976 (23°) 
-31.85° 

+ 8° 

2.28 
16.2 
4.5 p.c. 

73.4 to 73.7 p. c. 
68.9 to 69 p c 


Again in the summer of 1911 peppermint oil was distilled 
from the Japanese plants. The yield, computed with reference to 
water-free drug was 0.893 p.c. In the mean time “roots” of the 
Japanese plants had been sent to South Ciermany, German East 
Africa; and German Southwest Africa. The latter in particular 
had thrived. From the dry herb sent to Berlin Thoms obtained 
0.862 p. c. of oil computed with reference to water-free drug. 

In the following table the properties of the South African 
oil, the Dahlem oil, and of an oil distilled in Japan are recorded. 
Noteworthy is the high menthol content of the African product 
(84.83 p. c.). 



I 

II 

Ill 



Oil of herb from 

Oil of herb cultivated 


(distilled in iapan) 

German South¬ 
west Africa 

in Dahlem (Summer 
1911) 

d. 

0.9043 (18°) 

0.9032 (22°) 

0.8954 (22°) 

"i.. 

- 36.25" (23°) 

-35° (24°) 

- 34.75" (25.5°) 

Congealing point . 

could not bedetermined 

i 20 to 20.5" 

-rl4.5" 

A.V.■. 

4.05 

2.99 

4.01 ■ 

E. V. 

27.73 

4.68 

12.744 

Menthol as ester . 

7.74 p.c. 

1.302 p.c. 

3.546 p.c. 

Free menthol . . 

72.77 p.c. 

83.528 p.c. 

75.271 p.c. 

Total menthol . . 

80.01 p.c. 

84.830 p.c. 

78.817 p.c. 


A later communication relates that toward the end of 
April 1912 roots were planted in the clay soil of Dahlem, that 
they developed well at first, but that they later suffered from 
the drought of the spring of 1912 and had to be watered arti¬ 
ficially both frequently and freely. The first cut before the 
flowering period was made July 17, 1912. From 15.8 kg. of air- 
dried herb 0.74 p.c. of oil were obtained. The second cut was 
made August 10 and 19,7 kg. of air-dried herb yielded 123 g. = 
0.624 p.c. of oil. 
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The constants of the oils from the first (I) and second (II) 
cut were as follows:— 

I. djj,0.8987; —35.22°; congealing point 4 -13.5°; men¬ 

thol as ester 3.78 p.c.; free menthol 75.20 p.c.; total men¬ 
thol 78.98 p. c. 

II. d„, 0.9030; — 35.29°; congealing point14.75°; men¬ 

thol as ester 3.56 p.c.; free menthol 75.65 p.c.; total men¬ 
thol 79.21 p.c. 

On August 20, 1912 the Dahlem Institute received from the 
Colonial School in Witzenhausen 4.1 kg. of fresh herb raised 
from “roots” ' of Mentha canadensis var. piperascens, Briq. 
previously obtained from Dahlem. Upon drying there remained 
950 g. which yielded upon distillation 8.7 g. 0.92 p.c. of volatile 
oil with the following -properties: dj,. 0.9042; —35.295 ’; 

menthol as ester 6.99 p.c.; free menthol 74.16 p.c.; total menthol 
81.25 p.c.; congealing point -4-14.5°. 

Finally Thoms reports on a lot of japanese peppermint cul¬ 
tivated in Okahandja in German Southwest Africa. It was rich in 
stems. From 45.3 kg. of leaves 555 g. 1.225 p. c. of oil, and from 
24.3 kg. of stems 48.2 g. = 0.2 p.c. of oil were obtained. The leaf 
oil revealed the following constants: dj,. 0.9042; —35.29°; 

menthol as ester 2.31 p.c.; free menthol 83.01 p.c.; total menthol 
85.32 p.c.; congealing point -4-20.75°. 

The oil from the stems showed the following constants: 
dj,.0.9001; — 35.3°; menthol.as ester 1.71 p.c.; free menthol 

82.93 p.c.; total menthol 84.64 p.c.; congealing point 4-21°. 

By freezing and draining on a force filter the African oil 
yielded 57.5 p.c. of crude menthol in crystalline form. 

Concerning the fungus Puccinia Menthse, previously men¬ 
tioned, from which English and American peppermint fields suffer 
considerably, W. Himmelbaur') has made interesting observations. 
They were made in connection. with young plants of Mentha 
piperita (L. ex parte), Muds. var. officinale, Sole, which were 
grown in a long narrow bed of an experimental garden in Prague. 
The location was unfavorable in so far as on the one side it was 
only 1.5 m. from a high wall and, on the other side was shaded 
by a tree. Another cultural experiment was made in Korneuburg, 


‘) Zeitschr. f. d. landwirtsch. Versuphswesen in dsterreich 1914, Fascicle 3/4. 



Oil of Peppermint. 507 

Austria, where Mentha arvensis f. p/perascens, Mai. (= cana- 
dens/s f. p/perascens, Briq.) was planted. The beds were un¬ 
shaded but in the vicinity of a gas factory. Moreover, the location 
was very dry and exposed to winds. Toward the beginning of 
August a weakening of the plants was observed on account of the 
unfavorable conditions. In Prague damages due to smoke were 
first observed and later an attack by Puccinia Menthee, in Kor- 
neuburg the attack by Puccinia came first, then the damage due 
to smoke. With the aid of numerous illustrations Himmelbaur 
describes the progress made by the disease. Compared with 
healthy mint plants it became apparent that the leaves invariably 
carried drops of a yellow substance and many crystals. The drops 
consisted of fatty oil, the crystals presumably were hesperidin, 
a glucoside, found principally in the Rutaceae. Neither of these 
substances are found normally in large quantities in Mentha. 

As a. first result of the damage here described the production 
of chlorophyll appears to be reduced. As a further visible result 
of the deep-seated disturbance an overproduction of such sub¬ 
stances as hesperidin or fatty oil takes place. Hesperidin is to 
be regarded as a waste product of plant metabolism and is never 
reutflized. Thus the capacity for resistance against damage by 
smoke and against fungi is diminished. Smoke that passes over 
plants rapidly does not injure healthy plants. 

As the author points out, the peppermint plant is rather 
particular in regard to locality and condition of soil; It demands 
a faiily moist, but light and sunny location that is not exposed 
to winds. 

As best remedy against the mint rust B. Pater'), who has 
conducted experimental cultivation of peppermint in Klausenburg, 
Hungary, recommends the earlier cutting of the plants and not 
to wait until the appearance of the flowers. In general it is 
assumed that the plant produces most oil during the flowering 
period. However, it must be considered that the leaves attacked 
by the rust are valueless. Apparently the disease spreads 
from the ground, for the lower leaves are infected first, whence 
the disease spreads upwards. 

') Die Heilpflanzenversuchsanstalt der landwirtschaftlichen Akademie in 
Jtolozsvdr. Fascicle 1. Kolozsvir (Klausenburg) 1914. 
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Pater has also cultivated plants, that were obtained from 
the gardens of the father josef Agnelli, of Csari, which he de¬ 
signated Mentha piperita var. Agneiliana. The drying of the 
herb was effected naturally as well as artificially in a hop dryer. 
The naturally dried herb contained 0.7024 p.c., the artificially 
dried herb 0.8844 p. c. of oil. Plants set out in the spring of 
1908 were so weak and degenerate in 1912 that they were of 
little service. To begin with the soil was poor, which possibly 
accounts for the failure of the fertilization experiments. 

According to Pater about 80000 "roots” are required to 
plant a hectare. 

That the japanese plant thrives very well in Hungary be¬ 
comes apparent from a statement by K- Irk*). Roots of Mentha 
canadensis var. piperascens, which he had obtained from Berlin- 
Dahlem in 1911, were propagated with success. The oil distilled 
from the herb harvested in 1913 had the following properties: 
df;'0.8968; 1.4606; E. V. 19.6; menthol as ester 5.54 p.c.; 

free menthol 75.58 p.c.; total menthol 81.12 p.c. The herb raised 
from seed yielded an oil with —34.14° and a total menthol 
content of 76.01 p.c., thus revealing that the plants raised from 
seed contain less menthol than those raised from roots. 

According to the investigations of F. Pilz-) peppermint ap¬ 
pears to have a great desire for potash, but is less particular 
in its demands for phosphoric acid. The leaves are richer in 
lime, phosphoric acid and nitrogen than the stems, whereas 
both leaves and stems contain about the same amounts of soda 
and potash. 

Production and Commerce. As to the amount of peppermint 
oil produced, the producing countries may be considered in the 
following order: — 

Japan. Originally the production of peppermint oil had its 
seat exclusively in the vicinity of Yonezawa. In recent decades, 
however, it has also spread to the district of Bingo Bitchiu 
— both in Hondo — also to Hokkaido (Yezo), the northernmost 
island. The production districts are indicated on the map in vol. II, 

*) Pharm. Zentralh. 65 (t914), 459. 

-) Zeitschr. f. landw. Versuchswesen in Osterreich 15 (1912), 575; Chetn. 
Zentralbl. 1912, II. 743. 
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p. 468 on which they are colored. The amounts of oil produced 
in 1909 were estimated as follows; — 


A (Yamato). 

B (Bingo Bitchiu and Bizen) . 

C (Sanuki). 

E (Ischikari, Techio and Tokachi) I 
H (Kitami).| (Hokkaido) 

N (Shinano). 

Y (Uzen) . 


100 kin') 
. 8500 „ 

200 „ 

I 20000 „ 

I 80000 „ 
000 „ 
500 „ 


109600 kin 
= abt. 65900 kg. 

Details as to area and yield in the several districts up to 
1904 may be consulted in the thesis of Naojiro Inouye'-) on 
“Japanese Peppermint”. 

The amount of oil produced in recent years has, however, 
increased enormously. Thus according to Japanese estimates it 
was 850000 kin in 1913 as opposed to 135000 kin in 1909. The 
exportations increased hand in hand with the increase in pro¬ 
duction. The following data supply information as to production, 
price and export. 


Japanese Oil. 

Production value of menthol and oil. 


1901 . 

. . 1732983 Yen") 

1907 . . 

1322772 Yen 

1902 . 

. 772104 

1908 . . 

. 633998 „ 

1903 . 

, 1 119403 . 

1909 . . 

. 1340480 „ 

1904 . 

. 2308269 „ 

1910 . . 

. 1679851 

1905 . 

. . 2 183231 ,. 

1911 , . 

. 2870882 „ 

1906 . 

2305076 „ 




Pstimates of harvest (approximate data "v" before, "n" after the harvest). 


1903 


200000 Catties') oil 

1909 

V. 

110000 kin 

oil 

1904 


500000 kin 


1909 

n. 

135000 


1906 

V. 

255000 


1910 

V. 

210000 


1906 

n. 

195000 „ 


1910 

n. 

184000 „ 


1907 

V. 

260000 „ 


1911 

V. 

200000 „ 


1907 

n. 

200000 


1911 

n. 

264000 „ 


1908 

V. 

170000 „ 


1912 

V. 

470000 






1913 

n. 

850000 „ 



') 1 Kin = 601 g. 

’) Report of Schimmel ft Co. November 1908,199. 
=) 1 Yen = 2.09 
*) 1 Catty — 605 g. 
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Comparative yield of the three cuts in a district. 


1. Cut 

IW5 

20000 

1906 

6000 kin oil 


II. 

M 

70000 

40000 „ , 


III. 

11 

50000 

35000 „ „ 


Approximate price in shilling per lb. Engl. 

December 

1899 


Oil. dcmentholized 
. . 4/5 

Mcnthot 

10/3 

)uly 

1902 


. . 3/3 


lanuary 

1903 


. . 13/- 


luly 

1903 


. . — 

22/- 

September 

1903 


. . 5/~ to 5/9 

18/- 

Movember 

1903 


, . — 

15/- 

December 

1903 


• • 4/- 

9/- 

November 

1906 


. . 6/3 

10/- 

Summer 

1907 


. . — 

8/- 

March 

1908 


. . 4/2 

6/- 

December 

1909 


. . 5/10 

9;- 

March' 

1910 


. . 5/1 

8/3 

September 

1910 


. . 6/- 

9/8 

April 

1911 


.■ . 7/6 

16/6 

December 

1912 


. . — 

30/-') 

April 

1913 


. . — 

_ 

December 

1913 


. . 4/-*) 

9/-») 


Export. 

Menthol 


Oii 


Kin 

Yen 

Kin 

” Yen 

1880 . 

. . 

— 

3726 

5232 

1881 . 

. . 

— 

6928 

10258 

1882 . 

. . 

— 

9940 

14671 

1883 . 

. . — 

— 

7166 

13085 

1884 . 

. . 


9017 

25781 

1885 . 


— 

15362 

45541 

1886 . 

. . 81018 

43189 

60997 

63207 

1887 . 

. . 22369 

25618 

86423 

76527 

1888 . 

. . 13910 

17657 

31982 

33102 

1889 . 

. . 18221 

30755 

36894 

46310 

1890 . 

. . 27219 

71433 

29362 

42883 

1891 . 

. . 16931 

49660 

28079 

. 39656 

1892 . 

. . 16689 

56232 

18632 

38207 

1893 . 

. . 12028 

54867 

31802 

121687 

1894 . 

. . 21135 

143108 

57807 

242679 


’)• Computed in. the basis of 20 Yen per Kin. 

) n n n » » 2)75 n n n 
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Menthol Oil 


1895 

I\in 

. . 30826 

Yen 

197411 


Kin 

31911 

Yen 

112911 

1896 

. . 60000 

318657 


84054 

234213 

1897 

. . 30700 

1247,50 


26800 

,55959 

1898 

. . 25500 

116202 


. 19800 

52043 

1899 

. .. 45600 

‘l 90 424 


30605 

73123 

1900 

. , 30485 

172501 


20836 

50971 

1901 

. . 65394 

437051 


55670 

108237 

1902 

, . 54332 

463719 


59202 

164 847 

1803 

. . 76851 

804401 j 

highest 

price 

} 77024 

277617 

1904 

. . 144148 

1090724 

174769 

558949 

1905 

. . 167067 

797642 


173906 

491 591 

1906 

. . 95549 

517215 


121 138 

371 478 

1907 

. . — 

337865 


— 

292 706 

1908 

. . 55406 

263937 


103906 

199925 

1909 

. . 102411 

490525 


151 801 

466 657 

1910 

. . — 

648857 


— 

_ 

1911 

. . 114371*) 

963220 


171900“) 

624800“) 

1912 

. . 133600“) 1589729 


185700*) 

694700*) 


The principal ports of export of peppermint oil and menthol 
are Yokohama and Kobe. 

Thanks to the excellent steamer connection with Hamburg, 
this place has developed into the principal European market for 
japanese peppermint oil. Second and third are London and New 
York with considerable intervals. The amounts imported via 
Hamburg are herewith tabulated: — 

Imports in Hamburg via the sea route, according to the "rabellarische 
Obersichten des Hamburger Handels” in the "Handelsstatistisches.Amt”. 


Peppermint oil. 

from 1910 1910 value 1911 1911 value 

)apan . ; . . .58440 kg. 719410.-61070 kg. 79^350. -«« 

United States . .27740., 687460.— ,, 24690,, 671150.-,, 

China. 3060 „ 27520.- „ 7210 „ 51340.- „ 

Great Britain. . . 9370 „ 173790.— „ 10900 „ 241020.— „ 

. France. 600 „ 6260.— „ 430 „ 4920.- „ 

Other imports 80 „ 18^.- „ 170 „ 2750.- „• 

99290 kg. 1616290.-104470 kg. 1769530.- 


*) 151538 tbs.Engl, vaiued.at 98300 £. j Dipl, and Cons. Rep., London, 
•> 227800 lbs.Engl, valued at 63860 £. j No. 5151 (1913), 13. 

•) 177000 lbs. Engl, valued at 162 3(X) £. i Dipl, and Cons. Rep., London, 
*) 246 000 Ibsi Engl, valued at 71000 £. I No. 5161 (1913), 45. 
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Family: Labiate. 


from 

WI2 

1912 value 

1913 

1913 value 

japan .... 

. 60750 kg. 

869610.— o# 

78810 kg. 

1 122150.- 

Hongkong . . 

. 4340 „ 

57930,- „ 

1100 „ 

15500.- „ 

United States 

. 16010 

546050.- „ 

20180 „ 

631610.- „ 

Great Britain. . 

. 7910 „ 

203160.- „ 

14110 „ 

297840.- •„ 

Russia . . 

. 1260 „ 

35000.- „ 

210 „ 

5530.- „ 


92270 kg.') 

172290.-c#') 115750 kg.* 

2087300.- ^ 



Menthol. 



from 

1910 

1910 value 

1911 

1911 value 

japan .... 

. 38220 kg. 

673870.- 

47500 kg. 

1 220910.- 

United States 

90 „ 

1900.- „ 

1040 „ 

43180.- „ 

China .... 

. — 

— 

310 „ 

4100.- 

Singapore . . 

140 „ 

1600.- „ 



Great Britain 

. 5380 „ 

92180.- „ 

2610 „ 

61990. „ 

France .... 

. - 

— 

760 

15400.- „ 


43830 kg. 

769550.- -4* 

52200 kg. 

1345580.- r// 

from 

1912 

1912 value 

1913 

1913 value 

japan .... 

. 48520 kg. 

1955500.- .// 

69310 kg. 

3146780.— rff 

Hongkong . . 

500 „ 

15000.- „ 

— 

_ 

United States . 

. 

__ 

530 „ 

24210.- „ 

Great Britain. . 

. 1150 „ 

54010.- „ 

2570 „ 

106220.- „ 

Bremen . . . 

. 200 „ 

7300.- „ 

1370 „ 

38300.- „ 


50790 kg.') 2034300.- cH') 73810 kg.') 3317100. - c//') 


North America. The principal district lies in the states 
of Michigan and Indiana. Formerly New York State controlled 
the market. It was the Wayne County oil -- with Lyons as 
principal center — that was given preference over the “western 
oil” from Michigan. Since about 1911, however, the cultivation 
of peppermint in Wayne County has been practically abandoned, 
indeed the peppermint oil industry in New York State has practi¬ 
cally ceased to exist. Nevertheless, market reports still continue 
to quote “Wayne Co. peppermint oil”. 

The oldest and best known American commercial brands 
are those of “H. G. Hotchkiss” (H.G.H.), under which crude, 
natural oil only is sold; and of “F. S. 8iCo.”, under which recti¬ 
fied American peppermint oil has been marketed since 1872. 


*) These figures for 1912.and 1913 are to be regarded as total imports. 
The slight differences to be found in the totals are due to the fact that im¬ 
ports from other countries were so small as to be ignored. 















Oil of Peppf,rmint. 


513 

Large quantities of crude American oil enter commerce in "tins” 
or “cans”. A very well-known brand is that of A. M. Todd. The 
principal sales of American peppermint oil are made by New York 
jobbers, some of whom have permanent purchasing agents in 
the distillation districts. 


Area of cultivation in Michigan: 




1900 IQOI 

1902 



Area. . 


2112 2782 

6410 acres') 


Yield of oil . 

47628 63718 

82420 Ibs. Engl.") 


Per acre 


22.5 23.9 

12.8 „ 

.. 




1905 


1900 


1907 



estimated 


estimated 



Area cultivated; 


yield of 0(1 


yield of oil 




Acres 

lbs. Entrl. 

Acres 

Ibs. Engl. 

Acres 

Ib.s. Engl. 

Wayne Co., New York 

933 

23325 

416 

17800 

646 

13265 

Michigan. 

7375 

184375 

7316 

9200 

6490 

110,330 

Indiana. 

1000 

25000 

1169 

12500 

1111 

366.33 



1908 


1909 


1910 



estimated 


estimated 



Area cultivated: 


yield of oil 


yield of oil 


yield of oil 


Acres 

Ib.s. hngl. 

Acres 

lbs. Engl. 

Acres 

ibs. Engl. 

Wayne Co., New York 

380 

6735 

279 

5675 

56 

692 

Michigan. 

8339 

— 

7498 

_ 

7130 


Indiana. 

1118 

— 

2537 

- 

3546 

- 



1911 


1912 


1913 



estimated 


estimated 



Area cultivated; 


yield of oil 


yield of oil 


yield of oil 


Acres 

lbs. EtiKl. 

Acres 

Ib.s. Engl. 

Acres 

lbs. Engl. 

Wayne Co., New York 

20 

307 



_ 

_ 

Michigan. 

7392 


8600 


8393 


Indiana. 

3983 


4596 

- 

6518 




1914 


1915 




estimated 



estimated 


Area cultivated: 


yield of oil 



yield of oil 



Acres 

lbs. Engl. 


Acre* 

Ibs. Engl. 


Wayne Co., New York 

— 



_ 

_ 


Michigan. 

8921 

1 550000 to 


10434 j 

2 


Indiana. 

10090 

j 600000 


12158 1 

? 



0/7 yield (estimated) in ibs. Engl. 

1905 1906 1907 1908 1909 1910 1911 

232700 122330 160228 - - 200000 240000 


*) 1 acre = 40.4 Ar. 

'■) 1 lb. Engl. = 453.6 g.’ 
Gildemeister, The volatile oils. 111. 


33 
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Family: UBiATiC. 


Production according to the official Census for 1909. 


Fiscal year') I8W/I900 1904/05 

Peppermint oil 2025501bs. valued at Jf 188509 130022 lbs. valued atf 470037 

Fi»cal year*) 1909710 

Peppermint oil. 305781 lbs. valued at f 519079 

of this crude. 269081 .. 450981 (abt.88p.c.) 

„ „ refined .... 36700 „ „ „ „ 68098 ( „ 12p.c.) 


„ „ from Michigan . 227521 „ „ „ „ 382613 ( „ 75p.c.) 

„ „ other states 78260 „ „ „ „ 136466 ( „ 25p.c.) 


Approximate prices per it. Engl. 


October 1890 

. S 2.50 

October 190! 


S 1.30 


„ 1891 

. 2.70 

„ 1902 


2.- 


„ 1892 

. 3.- 

March 1903 


„ 5.- 


1893 

. . . ,)2.80 

October 1903 


„ 3.- 


„ 1894 

. 2.20 

„ 1905 


„ 2.50 


„ 1895 

. 2.- 

„ 1906 


3.- 


1896 

. . „ 1.70 

April 1908 


„ 2.- 


.. 1897 

.1.80 

October 1910 


2.- 


„ 1898 

. I.— 

April 1911 


„ 3.— 


1899 

.0.80 

1912 at first rising, then declining 


„ 1900 

.0.90 

October 1913 

. . . 

S 3.50 




Export. 




1892/93 . 

. . $ 54987 

1898/99 . 

. . S 145375 


1893/94 . 

. . „ 99629 

1899/00 . 

• • II 

117462 


1894/95 . 

. . „ 80225 

1900/01 . 

• • II 

89558 


1895/% . 

. . „ 87633 

1901/02 . 

• • l» 

60166 


18%/97 . 

. . „ 85290 

1902/03 . 


— 


1897/98 . 

. . „ 162492 




1903/04 

— 



of this to Germany 

1904/05 

36953 lbs. valued at S 135060 27210 lbs. valued at S 102694 

1905/06 

74151 

.. 206261 35855 

II II 

„ „ 99464 

1906/07 

147722 

» M M n 

499082 61783 

II II 

„ „ 209 %7 

1907/08 

141617 

If ft M It 

357555 58532 

II II 

„ „ 156987 

1908/09 

161811 

«> II II It 

288318 57310, 

.. 

„ „ 118023 

1909/10 

— ' 


215845 - 


— 

1910/11 

— 

11 

269034 — 


— 

1911/12 

— 

II 

422631 — 


* — 

1912/13 

■ — 


395551 — 



1913 Yy 

—Dec. — 

it 

249060. - 


— 

‘) The fiscal year is from July 1 to June 30. 
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England. Statistical data as to the oil harvests do no exist. 
As to the principal places of distillation, area of cultivation and 
estimates as to yields see p. 541. A few figures revealing the 
price development of Mitcham oil, as the English pil is commonly 
designated in commerce, are herewith given: — 


April 1900 

Price of crude oil 
in 8h. per ib. Engl. 

of the rectified oil 
in rM. per kg. 

61.50 

Fall 

1902 

. •. 26/- to 30/- 

64.- to 70.- 

tl 

1903 

. . 32/- 

76.- 

n 

1906 

. . 34/- 

— 

• » 

1907 

. . 34/- to 36/- 

80.--^ 

H 

1908 

. . 31/- 

— 

t* 

1909 

. . 30/- to 31/- ■ 

— 

M 

1910 

. . 27/- ■ 


M 

1911 

. . 34/- to 35/- 

80.— 

*'• 

1912 

. . 30/- to 32/- 

— 


1913 

. . 31/- to 32/- 

— 


In Fiance and Italy the cultivation of peppermint, more 
particularly of Mitcham plants, has increased from year to year. 
Italy has even begun to export oil, whereas until a few years 
ago the production sufficed merely to cover the own demands. 
Importation was checked by high duties. Thus in 1913 Italy is 
reported to have exported 2229500 kg. oil valued at 1092455 Lire. 
The industry is located exclusively in the Department des Atpes- 
Maritimes and in the provinces pf Turin and Piempnt. 

In Germany the production of pepperrriint oil has gone 
backward during recent decades and in Thuringia has ceased 
almost altogether. From the poorer drug, not suitable for medi¬ 
cinal purposes, cured from the herb raised in Colleda, Ringleben 
and other Thuringian communities only a poorer, grade of pil 
is obtained. On the other hand the cultivation of peppermint 
on a large scale has been started in the vicinity of Leipzig. 
A distillation outfit with modern apparatus in the very midst 
of the fields, yields an oil pf superior qualify that has been 
purified by special methods.' However, the annual production 
has not exceeded 600 kg. thus far. The oil distilled in limited 
quantities in Gnadenfrei, Silesia, is also one of the best oils. 

Propertips. As already pointed Put, the plants yielding the 
peppermint oils in different parts of the globe are not a single 

33* . 
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botanical species, variety, or form. Hence, it will be readily 
understood that the several oils differ greatly as to their proper¬ 
ties and composition. For practical purposes odor and taste 
are controlling factors, properties by which the expert is able 
to differentiate the principal kinds of commercial oil. This is 
of importance because of the great difference in price. Un¬ 
fortunately, the origin of an oil cannot always be ascertained 
by a chemical and physical examination. It is for the most 
part impossible in the case of mixtures. 

Peppermint oil is colorless, yellowish or greenish in color, 
of an agreeable, refreshing odor and a cooling, persistent taste. 
It is rather limpid, but with age becomes darker and more viscid. 

Oil from dry AMD oil from fresh herb. Appreciable dif¬ 
ferences are shown by oils as to whether they have been 
distilled from fresh herb or from dry herb. The latter is mostly 
the case. Distillation of fresh herb has, first of all, the dis¬ 
advantage that it requires more time than that of dry or wilted 
herb. In addition readily resinifiablc substances pass over into 
the oil which during the drying of the herb are oxidized to 
non-volatile resins and are thus rendered harmle.ss. This same 
resinification process is undergone by the oils which have been 
distilled from fresh herb; their specific gravity increases and 
their solubility in 70 p.c. alcohol is diminished or lost, as was 
shown by the investigation made by Schimmel 8; Co. *) in Barrenie, 
southern France. 

Two oils distilled from fresh herb were examined two weeks 
after distillation when they revealed the following properties: — 

1. duo 0.9184; "d -- 10°44'; menthol as ester 12.0 p.c.; total menthol 50.2 p.c. 

2. duo 0.9273;10° 5b'; „ „ „ 14.8 „ ; „ „ 54.7 .. 

When the density was redetermined after 14 days an appre¬ 
ciable increase was observed. The following observations at 
intervals of 14 days showed additional increases: — 

Original After 14 days After 4 weeks After 6 weeks 

1. duo 0.9184 0.9191 0.9224 0.9292 

2. duo 0.9273 0.9291 0.9322 0.9380 

Separation of Menthol in the Cold. The normal )apanese 
oil is so rich in menthol that even at ordinary temperature it 


*) Report of Schimmel & Co. April 1909, 77. 
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congeals tb a solid mass saturated with oil. In connection with 
the best oils, however, it is necessary for them to remain in 
the freezing mixture for some length of time before crystalliza¬ 
tion begins. Hence the amount of menthol that crystallizes out 
is no criterion of the quality of the oil. 

Color Reactions. Peppermint oil reveals various color 
reactions of which those produced by acids are the most beautiful 
and striking. If in a test tube 5 drops of peppermint oil and 
1 cc. of glacial acetic acid be mixed, a blue color results upon 
several hours’ standing, the intensity of which increases gradually 
until the maximum has been reached after 24 hours. In con¬ 
nection with certain oils the mixture reveals a deep blue color 
toward transmitted light, whereas reflected light shows a copper- 
colored fluorescence. In connection with English oils this 
phenomenon is less intense, frequently only a light blue color 
with a slightly reddish fluorescence appears. )apanese oiP) does 
not give this reaction, the mixture remains colorless. 

Gentle heating accelerates the reaction greatly. However, 
the resulting color is not as pure a blue, but more violet. For 
the success of the reaction access of air is necessary. If the 
air be excluded no color reaction becomes perceptible even after 
several days. Hence the change is to be regarded as an oxida¬ 
tion phcnoriienon. The reaction can be brought about very 
quickly if 2 cc. of oil, 1 cc. glacial acetic acid and 1 drop of 
nitric acid arc mixed. In this case even the |apanese oil assumes 
a slight violet coloration. 

According to E. Polenske'’*) the cause of this reaction is to 
be sought in a nitrogen-free, volatile substance found in the oil. 
The pigments which this substance yields with acids reveal a 
characteristic spectroscopic behavior. The substance itself is 
decomposed by light, for an oil that has been exposed to sunlight 
for some time no longer gives the color reaction. 

Another color phenomenon is produced if a solution of 1 cc. 
of oil in 5 cc. alcohol is heated with 0.5 g. sugar and 1 cc. 

*) F. A. Fliickiger, Pharmaceutical )ourn. III. 1 (1871), 682 and III. 3 
(1871), 321. 

*) Arbelten a. d. Kaiserl. Ges. Amt, Berlin fi (1890), 522. — Pharm. 
Ztfi. 85 (1890), 547. 
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hydrochloric acid, the mixture acquires a deep blue, violet, or 
bluish-green coloration ’). 

A red or light brown color is obtained when chloral hydrate 
and hydrochloric acid are added to peppermint oil®). 

Although the several peppermint oils show a different behavior 
toward these and other") color reactions the various shades of 
color are not differentiated sufficiently to distinguish the various 
kinds of oil. An English journal") is of the opinion that the 
coloration stands in no relation to the ester content of the oil, 
as has been assumed. In general it must be. admitted that the 
cause of the formation of these color phenomena is no more 
known than the composition of the substances producing them. 

Composition. Menthol is the characteristic constituent of 
all peppermint oils. On account of its capacity for crystalliza¬ 
tion it was early recognized"). It has been investigated repeatedly 
by older and more recent chemists. Properties and chemical 
derivatives of this interesting substance have been described in 
vol. 1, p. 387. For the most part menthol occurs free in pepper¬ 
mint oil and only in small part as acetate and valerate. 

In addition to the crystallizable menthol, the oil contains its 
isomers, presumably such as are of a determining influence on 
the quality of the oil. That of the theoretically numerous isomeric 
menthols only a single one, viz. the neomenthol"), has been isolated 
from the Japanese oil finds its explanation in the difficulty with 
which these closely related compounds are separated. Menthbne 
is another constituent which all peppermint oils have in common. 
Apparently it was first isolated by G. H. Beckett and A. Wright'). 

The more recent chemical investigations restrict themselves 
to an oil of definite origin. Inasmuch as the varying peculiarities 
of the oils depend on the chemical composition of these oils, 
the results ascertained in connection with one oil should not 
necessarily be ascribed to another oil. For this reason the 

') A. Ihl, Chem. Ztg. IS (1889), 264. 

*) C. )ehn, Arch, der Pharm.. 208 (1873), 29 and 205 (1874), 326. 

') Concerning the color reactions produced with citric acid and paraform¬ 
aldehyde see p. 511. 

♦) Perfum. Record 4 (1913), 33. 

*) Comp. vol. I, p. 192. 

*) See p. 538. 

’) )oum. Chem. Soc. 14 (1876), 1; Jahresber. d. Chem. ISTO, 397. 
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statements concerning the chemical composition of the oils are 
restricted to the description of the several oils.. 

Examination. The physical constants of peppermint oil should 
first be determined, special attention being given to the question 
of solubility. Important also is the determination of menthol, 
both free and as ester, as first suggested by F. B. Power and 
C. Kleber‘) and described in vol. I, p. 575. 

According to the U. S. Pharmacopoeia VIII the esterified and 
total menthol in peppermint oil are determined together by 
saponifying quantitatively 10 g. of oil and acetylating after repeated 
washing with water. G. Heikel'^) points out that, according to 
circumstances, much menthol may be lost when operating thus, 
indicating too low a menthol content. Because of the saponi¬ 
fication the relative solubility of the components of the oil are 
changed and the washing of the saponified oil results in a removal 
of menthol as was demonstrated experimentally by Heikel. Thus, 
an oil which contained a total menthol content of 51.6 p.c. when 
assayed according to the U. S. P. Vlll showed only 19.6 p.c. 
In order to avoid such errors, Heikel suggests the acetylation of 
the unsaponified oil and to determine the ester content separately. 

During the process of acetylation it is necessary to provide 
for adequate condensation of the vapors otherwise ester will 
escape and thus be lost to the assay*). 

The menthone content is determined according to the method 
described in vol. I, p. 590. 

As adulterants of peppermint oil the following substances 
have been observed; —acetines (the acetic esters of glycerin)*), 
copaiva balsam*), cedar wood oil*), petroleum’), mineral oil*) 
and camphor oil®). 

*) Pharm. RundscH. (New York) 12 (1894), 162. 

”) Americ. )ourn. Pharm. 80 (1908), 373. 

*) Joum. ind. eng. Chemistry 6 (1914), 40J; Report of Schimmel Si Co. 
April 1915, 33. 

*) Chemist and Druggist 62 (1903), 591. 

*) /b/Vem 88 (1903), 154. 

«) /6/c/em 64 (1904), 854. 

’) /d/c/em 72 (1908), 770. 

») Report of Schimmel S Co. April 1903, 59. — Chemist and Druggist 
61 (1902), 948. 

®) Report of Schimmel S Co. April 1908, 59. - Chemist and Druggist 
61 (1902), 520. 
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Americam Peppermint Oil. 

Origin. The peppermint oil distilled from the peppermint plant 
and its varieties is one of the principal oils produced in the United 
States. Three kinds of mint, according to A. Henkel'), are cultivated, 
the so-called American mint (Menthapiperita, L.) and two varieties, 
the black mint (Mentha piperita vulgaris, Sole) and white mint 
(Menthapiperita officinalis. Sole) ’). These presumably correspond 
to M. piperita var. officinalis forma rubescens, Camus and forma 
pallescens, Camus of the new nomenclature. 

American mint has become indigenous in many of the eastern 
states from the New England States to Minnesota and south to 
Florida and Tennessee. The black mint is hardier and yields 
better than the other two kinds, hence is cultivated on practically 
all of the peppermint farms. The white mint yields a very fine 
oil but on account of its sensitiveness and the small yield is 
cultivated but little'). 

Cultivation and Distillation. The ground is plowed in fall and 
disced during the next spring. Into furrows, three feet apart'^), 
the roots, '/4 in. thick and 1 to 3 ft. long are placed so as to 
form a continuous line. These "roots” are the runners of the 
previous year. A skilled laborer can plant '/c to 1 acre in a day. 
After several weeks the ground is gone over with a horse cultivator 
and then carefully gone over with the hoe in order to remove 
all weeds. By June new rhizomes have been produced which by 
August and September cover the ground like a network. These are 
used during the next year for new cultures. The harvest begins 
in the second half of August when the long purple inflorescences 
begin to appear. The crop from the fields of the previous year 
is harvested first. Having been cut, the peppermint is allowed 
to wilt, however, the drying is not carried so far as to cause 
the leaves to drop. Then it is distilled as soon as possible. Some 
distillers distill the green plant fearing the loss of oil during 
drying. This fear is unfounded. Moreover, the practice has the 


') Alice Henkel, Peppermint. U. S. Dept, of Agriciilt, Bureau of Plant 
Industry, Bull. No. 90, Part III. Washington 1905. 

*) A. M. Todd, The American Peppermint Industry. V. Internat. Congress 
of applied Chemistry 1903. Report vol. 2, p. 804. — Chemist and Druggist 88 
(1903), 482. - Perfum. Record 1 (1910), 7; 5 (1914), 252. 
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Peppermint harvest in Michigan. 
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disadvantage that the distillation requires again as long*). The 
distillation of a charge of well-dried herb lasts 30 to 40 minutes, 
whereas a charge of green herb moistened by rain requires 2 hours. 

For a long time the distillation of peppermint oil in the United 
States of North America was conducted with Simple copper stills 
over direct fire. In 1846 some of the larger farmers and distillers 
began the distillation with steam from large wooden vats, after 



Fig. 41. Peppermint distillation. 

(According to Dewey, in Baileys Cyclopedia of American Horticulture.) 

A Boiler. B Steam pipe. C, C' Steam valvea. D Herb in the atill ready for distillation. E Removal 
of exhausted.herb. F Removable top which is used alternately lor both stills. 0 Movable pipe 
Icadinp to condenser. J Sprinkler supplying water to cool condenser tubes M, B Exit of mixture 
of oil and water. O and P Water and oil in receiver. K Water overflow. 

it had been demonstrated that all conditions were favorable for 
the development of the industry. 

With the older stills but 15 lbs. of oil could, at best, be 
obtained from a charge. Steam distillation froth wooden apparatus 
enables the distillation of from 75 to 100 lbs. of oil at a time 
without appreciable extra expense. 

At the present time several styles of equipment are in use. 
All of them, however, consist of a boiler, two wooden vats, a 
cooler and a receiver. The vats are the stills proper and alter- 

*) Comp, also Proceed. Amerie. Phaitn. Ass. 84 (1886), 121. — Americ. 
Druggist Sept. 1886, p. 161 and June 1888. - Proceed. N. Y. State Pharm. 
Assoc. 1888. — Pharmaceutical )oum. IlL 19 (1888), 3, 4. 





Fig. 42. American peppermint oil stilf. 
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nately receive the herb and are discharged. They are 6 ft. high 
and have a diameter of 5 ft. A steam pipe passes from the 
boiler under the false bottom of the vat so that the steam passes 
through the charge from below. In the larger distilleries the vats 
have a capacity of from 2000 to 3000 lbs. of dry herb. 

, The herb rests on a false bottom which is provided with 
chains with the aid of which bottom and exhausted charge can 
be removed as shown in fig. 41. The charging is effected by 
having one man pitch the herb into the still whereas another 
tramps it down. By injecting a little steam from time to time 
the herb is moistened and thus admits of firmer packing. The 
still having been sealed, steam is passed through the mass of 
herb from below until it is exhausted. 

The yield from dry herb fluctuates between 0.1 and 1 p.c. 
For an average of 10 years Todd obtained 0.3 to 0.4 p.c. 

The frequently observed poor condition of American pepper¬ 
mint oil was due to the fact that other labiates and even com¬ 
posites*) were distilled with the peppermint, more particularly 
Erigeron canadensis, L., Erechthites hieracifolia, Raf., Hedeoma 
pulegioides, L., also Ambrosia (ragweed) species. This evil has 
been removed in recent years by more careful cultivation and 
weeding of the -fields. 

The production of peppermint oil in the United States made 
its beginning in 1816 in Wayne Co., in the northwestern part 
of the State of New York. For a longer period it was con¬ 
ducted on a small scale by individuals in neighboring counties 
as well. In 1835 the cultivation of peppermint was introduced 
into Michigan, first into St. joseph County. This industry has 
spread more and more between the Ohio River and Lakes Erie, 
Fluron and Michigan*). 

At the present moment Michigan is the principal state 
among the peppermint oil-producing states. In Wayne County, 
N. Y., the production of oil has diminished greatly and scarcely 
any peppermint is now cultivated*). 

') F. Stearns, Proceed. Americ. Pharm. Ass. 7 (1858), 449 to 459. — 
). M. Maisch, Americ. )ourn. Pharm. 43 (1870), 120; Arch, der Pharm. 1IF2 
(1870), 252. 

*) A. M. Todd, Proc. Americ. Pharm. Ass. 34 (1886), 121. 

“) Report of Schimmel 8i Co. October 1918, 81. — See also p. 512. 




Fig, 43. Campania farm of A. M. Todd, near Kalamazoo, Michigan. 
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Composition. A very detailed investigation of the constituents 
of American peppermint oil has been made by F. B. Power and 
C. Kleber'). The oil was distilled from Wayne Co. herb from 
which all weeds had been carefully removed. The yield amounted 
to 0.67 p.c.; d,j.0.9140; —32°0'; menthol as ester 14.12 p.c.; 

free menthol 45.5 p.c.; total menthol 59.6 p.c. Distilled in 
a fractionating flask 2.6 p.c. passed over below 200°, 2.4 p.c. 
between 200 and 205°, 8.6 p.c. between 205 and 210°; 18.8 p.c. 
between 210 to 215°; 24 p.c. between 215 to 220°, 19.6 p.c. 
between 220 and 225°, 9 p.c. between 225 to 230°, and 3,6 p.c. 
between 230 and 235°, leaving a residue of 12.2 p.c. On account 
of the great care with which the plant material had been sorted 
and because of the more perfect distillation facilities, the oil had 
a much more pleasant odor than the ordinary oil of commerce. 

riot less than 17 different, well characterized individual 
substances have been identified in American peppermint oil up 
to the present time. 

It contains: — 

1. Acetaldehyde, about 0.044 p.c., yielded acetic acid upon 

oxidation. ^ 

2. /sovaleric aldehyde, about 0.048 p. c. (b. p. 92°, yielded 
valeric acid upon oxidation). 

3. Free acetic acid. 

4. Free /sovaleric acid. 

5. o-Pinene®), inactive, possibly a mixture pf d- and Aa-pinene 
(pinene nitrolpiperidine, m. p. 118°; pmene nitrolbenzylamine, 
m. p. 123°). 

6. Phellandrene (nitrite, m. p. 100°). 

7. Cineol (cineol hydrobromide, cineolic acid, m. p. 196°). 

8. ALimonene (tetrabromide, m. p. 104°). 

9. lyienthone (conversion into menthol). 

10. Menthol, b. p. 215.5°. 

11. Menthyl acetate. 

12. Menthyl /sovalerate. 

*)■ On the constituents of American Peppermint Oil and a method for 
the quantitative determination of Menthol. Pharm. Rundsch. <New York) 12 
(1894), 157. — Ober die Bestandteiie des amerikaniscken' PfefferaiinzOls. 
Arch, der Pharm. 232 (1894), 639. 

®) Report of Schimmel 8| Go. April 1894, 41. 
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Fig. 44. Distillation of peppermint in Decatur, Michigan. 
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13. Menthylester of an acid 

14. A lactone CijHjjOj, m. p. 23°, of a stale odor reminding 
of borneol. The corresponding hydroxyacid crystallizes 
from petroleum ether in shining needles that melt at 93°. 

15. Cadinene’) (dihydrochloride, m. p. 118°). 

16. Amyl alcohol-) (acetate). 

17. Dimethyl sulphide"). 

In addition, higher boiling, decomposable sulphur compounds 
appear to be present in American peppermint oil. It not in¬ 
frequently happens that during the rectification of the oil a very 
penetrating odor reminding of rotting turnips becomes apparent 
towards the middle of the distillation. 

In order to prove the presence of dimethyl sulphide in pep¬ 
permint oil I ccm. is distilled from 50 ccm. of the crude oil, and 
the distillate superposed over an aqueous solution of mercuric 
chloride. After a short time the formation of a white film will 
be observed at the zone of contact. On account of its volatility 
the dimethyl sulphide accumulates in the first fraction during 
rectification, hence rectified oils from which the lowest fractions 
have been removed no longer give this reaction. 

Menthene, CmH,,,, b. p. 158 to 160 ’, which according to 
G. Andres and A. Andreef^), is said to occur in Russian pepper¬ 
mint oil, could not be found in the American oil in spite of all 
attempts to find it. Equally futile were the attempts to find a 
terpene boiling at 175° and possessing the properties of 

Bruhl’s'’) so-called menthene. 

Properties. dj 5 . 0.900 to 0.915; —18 to —34"; nu 2 „. 1.460 

to 1.463; menthol as ester 5 to 9 p.c.; total menthol 48 to 63 p.c.; 
menthone 9 to 16 p.c., rarely higher, up to 25 p.c.; soluble in 
2.5 to 5 vol. of 70 p.c. alcohol, occasionally with slight opal¬ 
escence which increases with greater dilution. 

As to the menthone content, it would seem that the plants 
produce larger amounts of this ketone in the earlier stages of 

') First observed by Halsey (Proceed. Wise. Pharm. Ass. 1S98, 90). 

'O Report of Schimmel 6 Co. April 189*, 41. 

») Ibidem October 1898, 58. 

*) Berl. Berichte 25 (1892), 609. 

”) Ibidem 21 (1888), 157. 
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development and that later part thereof is reduced to menthol. 
At least an observation by C. Kleber’) suggests this possibility 
which, however, requires further supplementation. In the following 
table the oils are arranged in the order in which they were 
received in New York during the season of 1913. Inasmuch as 
the oils were delivered directly from the stills, the order of the 
series possibly corresponds fairly accurately with the order of 
production. 


No. 

Keceivfd 


"d 

Total menthol 

Menthone 

1 

21. August 

0.899S 

250 27' 

49.7 p.c. 

18.8 p.c 

II 

3. September 

0.8983 

_ 24 0 20’ 

48.4 „ 

16.8 „ 

III 

to. 

0.900 

- 240 14' 

51.7 „ 

17.98 „ 

IV 

10. 

0.904 

24° 28' 

50.2 „ 

16.98 „ 

V 

10. 

0.902 

2403 c’ 

50.2 „ 

17.7 „ 

VI 

to. October 

0.905 

23° 18’ 

53.5 „ 

14.0 „ 

VII 

to. 

0.901 

1 

0 

56.1 „ 

13.9 „ 

VIII 

11. 

0.902 

-- 25030 ' 

55.8 „ 

16.7 „ 

IX 

20. 

0.903 

- 23049 ' 

56.4 „ 

15.2 „ 


The optical rotation is much the same as usual and the 
specific gravity of the earliest oils is slightly lighter. The menthol 
content, however, of these oils is relatively low and in part does 
not attain the pharmacopoeial minimum of 50 p.c. On the other 
hand the menthone content exceeds the normal. In the October 
deliveries, however, the oils showed a perfectly normal behavior, 
disregarding a slightly increased menthone content. In all proba¬ 
bility these observations were due to abnormal harvest conditions 
which compelled the producers to distill imperfectly developed herb. 

The Wayne Co. oils, which have disappeared almost entirely 
from the market (see p. 512 and 524), had the following pro¬ 
perties: d^^. 0.910 to 0.920; aj, —25 to—33°; menthol as ester 
8 to 14 p.c.; total menthol 50 to 60 p.c.; menthone content 
about 12 p.c.; the oil did not dissolve to a clear solution in 
70 p.c. alcohol, but in 'j-i vol. and more of 90 p.c. alcohol. 

jAPANESE PEPPERMIMT OlL 

Origin. As already stated, H. Thoms in 1909 obtained roots 
of japanese peppermint plants from Yamagata-Ken, which were 
planted in Dahlem near Berlin and which thrived there. According 

‘) Report of Schimmel S Co. April 1914, 77. 

GiiBEMtisTER, The volaihe oils. III. 34 
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to the botanical determination made by ). Briquet, of Geneva, the 
parent plant is to be regarded as Mentha canadensis var. piper- 
ascens, Briq.'). Briquet is of the opinion that it is the same 
species which Holmes had designated as Mentha arvensis, D.C. 
var. piperascens, HolmesAccording to English’) opinion, how¬ 
ever, these examinations dealt with two species. Thus, the plant 
which was examined by Holmes and at the same time by the 
French botanist Malinvaud, was recognized by both as a variety 
of Mentha arvensis and showed distinct differences from the 
species examined by Briquet. Naojiro Inouye'), in his' com¬ 
prehensive monograph on Japanese peppermint, points out that, 
according to Nagasaki’), the present plant, of which four cultural 
varieties are known, is the product of numerous improvements. 

1. Akamaru (from aka — red and maru — round). The 
leaves arc round and the stems purplish, the flowers 
pale violet. The oil and menthol content are larger than 
in the other varieties. 

2. Aomaru (from ao = green and maru). Leaves round, 
stems blue and flowers pale violet. 

3. Akayanagi (from aka and yanagi willow). The willow¬ 
like leaf is of pale violet' color on the lower surface, the 
stem is blue, the flowers are white. The oil content is low. 

4. Aoyanagi. Leaves willow-shaped, stems blue, flowers 
white. Resembles the wild plant. 

The first of these four varieties is regarded as the best. 

Inasmuch as the results of the investigations by Holmes 
and Briquet do not harmonize, the differences may possible be 
explained by assuming that these botanists had two of these 
varieties under consideration. 


‘) H. Thoms, Berichte'd. detitsch. pharm. Ges. 20 (1910), 424. — Arbeilen 
aus dem Pharm. Institut d: Univers. Berlin 8 (1911), 93. An illustration of 
the plant is to be found in vol. 10, p. 76. 

’) Pharmaceutical Journ. 111. 18 (1882), 381. 

») Perfum. Record 4 (1913), 32. 

*) Baojiro Inouye, Japanese Peppermint. From the Laboratory of Prof. 
Eidward Kremers, Madison, Wisconsin. Supplement to Report of Schimmel 8| Co. 
November 1908, 205. . 

’) Yamagata = Sonderbericht der landwirtschaftlichen Versuchsstation. 
No. 4: Die Kultur der Pfetterminze im BezM Yamagata. Published by the 
Experimental. Station of the Division for Agriculture and Commerce. February 
1899 (2. ed. March 1901). 
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Distribution of Peppermint Cuitivation. Whereas only a few 
years ago the cultivation of peppermint was restricted to Hondo, 
the principal one of the Japanese islands, the more northern 
island Hokkaido (Yezo) has, since 1906, outstripped all other 
sections*), in Hokkaido the first peppermint gardens were 
planted by immigrants from the Yamagata district (Hondo). The 
province of Kitami is the principal oil producing district in 
Hokkaido and in it Notsuke-Ushi (Tokora) and Yubetsua 
(Monbetsu) are the principal centres-). 

Cultivation. According to Nagasaki “) the Japanese pepper¬ 
mint once planted, being a perennial, can be kept from five to 
seven years. For two to three years after the planting the oil 
yield is greatest and then gradually becomes less. As a rule 
the gardens are replanted after four or five years. It is better 
still to sow wheat or barley, or to plant certain beans before 
replanting with peppermint. Such a cycle, especially with 
leguminous plants, yields the best results. 

The propagation is not effected by seeds, which bring about 
a deterioration of the plant, but by means' of runners, which 
are planted in spring or mostly in fall. The plants that are to 
be used for transplanting are’ marked in the field. Either the 
entire field is ploughed and the roots of the marked plants are 
collected, or the marked plants are dug up separately. For 
propagation the Akamaru variety is selected, but it is impossible 
to exclude other varieties. While it is true that this variety is 
superior to others, its vitality has been diminished by long 
periods of cultivation so that it is crowded out by the stronger 
varieties, e. g. Aoyanagi. This is the reason why most of 
the fields show different varieties. This phenomenon is least 
observed in the Yamagata district. 

In transplanting, the old runners, which break when bent, 
are discarded and only the young, succulent white “roots" are 
selected and are cut into pieces 4 to 5 in. long. After the 

‘) Yeinosuke Shinosaki, foum. ind. eng. Chemistry 6 (1913), 656; Report 
of Schimmel 8; Co. October '1913, 83. 

*) Comp, the map of |apan inserted in vol. II between pp. 468 and 469. 
This map, however, is still divided into the old /cun/ and not into the modern 
districts (prefectures or /cen). 

*) According Inouye, /oc. c/t. 


34 * 
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ground has been ploughed and otherwise prepared, these sections 
of roots are planted in furrows 14 to 16 inches apart. 

Fall planting is carried on from the end of October to the 
end of November, spring planting from the end of March to the 
first of May. Special care is given to good fertilizer and to the 
removal of weeds. 

According to the district, the herb is harvested once, twice 
or three times'). The best oil is produced in the districts of 
Okayama and Hiroshima (Hondo) where the plant is cut three 
times, namely in May, June, and August. The oil from the first 
cut yields 47 p.c. of crystallizable menthoH), the second about 
53 p.c. and the third about 60 p.c. In the Yamagata district 
(Hondo) only two cuts are harvested and in Hokkaido but one. 
But the area cultivated in this district is much greater than in 
the other districts. Hence, although the oil yields only 45 p.c. 
of crystallizable menthol, more than half of the total menthol 
is produced in Hokkaido province. 

Having been cut, the herb is tied into bundles and spread 
out to dry in suitable places. Unless this be done fermentation 
sets in resulting in the loss of oil. Having been dried, the herb 
is again tied into bundles which are suspended on the northern 
sides of the houses where they are protected against direct 
sunshine, wind, rain and frost. In summer the drying requires 
ten days, in fall about thirty days. 

Distillation. The apparatus in which the distillation of pepper¬ 
mint oil is conducted in japan differ greatly. Each district seems 
to have its preferences for a different arrangement. All, however, 
are rather primitive and untouched by the achievements of 
modern technology. 

Such an equipment is described in detail by E. Marx"). 
The still consists of a broad-rimmed cast iron kettle {A, /, H, 
fig. 45), wooden vats (B) and cooler (C). As a rule three of 
these are arranged in a battery supplied with a common fire- 

*) Shinosaki, he. cit. 

") This is the menthol that separates upon simple freezing without 
fractionation. 

") Communications on the distillation of peppermint oii in japan, in 
Mitteil. d. deutschen Gesell.fur Natur-undVSIkerkunde Ostasiens 6 (1896), 355. 
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place. The operation consists in first filling the kettles A, /, H 
with water. Then the vats (B) with their perforated bottoms 
are placed in position, are filled with dry herb and provided 
with straw rings and soft clay as seal. Thereupon the inverse 
conical condensers C are placed on top of the vats and the 
fire is started at F The water vapors laden with oil condense 



M 






Fig. 45. Japanese peppermint stiil. 

on the inner surface of the inverted cones C and collect in the 
suspended cup K., whence the condensed water and oil mixture 
is conducted by means of a bamboo tube /. to the receiver 0. 
The water which has separated from the oil flows back into 
the kettles A, /, and H through the small tube P and thus 
replaces in part the vaporized water. As soon as the water 
used for cooling in C has become hot it is withdrawn by means 
of the bamboo siphon (G). 
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It is said to occuF that the straw rings on the kettles are 
overheated occasionally and that an empyreumatic odor is thus 
imparted to the oil. This odor is indeed frequently met with 
in japanese peppermint oil. 

As becomes apparent from the monograph by Inouyc, 
repeatedly referred to, the stills mounted in a battery of three 



improved condenser is illustrated in fig. 46. Kettle and vat are 
like those previously described but the inverted conical condenser 
is replaced by a regular top that is screwed down. The vapors 
arc passed into a special condenser illustrated in fig. 47. 

The points of entrance and exit of both condensation water and 
of vapor and condensed vapor respectively, are indicated by arrows. 

Fig. 48 illustrates the arrangement of two such stills with 
their condensers in the factory of Sato in Hiroshima. 

Other distilling apparatus are described by Inouye, also by 
T. Asahina*) (with illustration), and Shinosaki '). As a rule the 

‘) J. E. Gerock, )ourn. d. Pharm. t. EIsaft-Lothringen 28 (1896), 314. 

•) toe. cit 





Oil of Peppermint. 


535 


distillation of a charge lasts four hours. The yield from the 
first cut amounts to 1.07 p.c., that of the second 1.83 p.c. and 
that of the third 1.6 p.c. These values naturally fluctuate and 
depend on both quality and dryness of the leaves. The second 

_ 



« « «fejE 

Fig. 48. A battery of two stills and two condensers in the factory of Sato. 

cut gives the best yield. Thus a field yielded 300 lbs. on the 
first cut, 800 lbs. on the second, and 600 lbs. on the third. An 
acre yields about 5000 lbs. of dry leaves which in turn yield about 
80 lbs. (1.6Dp.c.) of oil*). , 

‘) Board of Trade journal 7f> (1912), 78; Report of Schimmel 6 Co. 
April 1»18, 80. 
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Separation of Menthol. The crude distillate which contains 
all of the menthol is called torioroshi by the Japanese. This 
is transferred to tin cans which, as shown in fig. 49 are provided 
with an exit tube. Four of these tin cans are placed info a 
refrigerator and surrounded by a freezing mixture of ice or snow 

and salt (see fig. 50). If after three 
days a larger amount of menthol 
has crystallized out, the exit tubes 
are opened so that for two days 
the oil may drop into an empty 
can. The cans containing the men¬ 
thol are then removed from the 
freezing mixture and so mounted 
on a rack that the tubes point down¬ 
ward (fig. 51) when the draining 
is allowed to continue at room tem¬ 
perature for another two or three 
days. With the u.se of the refri¬ 
gerator the separation of menthol 
can be accomplished during any 
season of the year. Most distillers, 
however, effect it during the colder 
season. When the menthol separates 
under the influence of natural cold 
it rises to the surface and is re¬ 
moved by means of a sieve. From the torioroshi an average 
of 40 to 50 p.c. of menthol are separated. 

The menthol thus obtained is remelted and congealed and 
by means of draining freed as much as possible from conta¬ 
minating oil. 

The shipment of menthol, also of dementholized oil (“oil") 
is effected in 5 lb. tin cans, 12 cans being packed in a box. 

Composllion. Japanese peppermint oil was examined in 1876 
by G. H. Beckett and A. Wright^). In the oil that remained after 

*) The production of “peppermint camphor" is described in the intro¬ 
duction of M. Moriya’s dissertation which was submitted to the University 
of Tokio in 1880. However, this part of the dissertation was not published. 
(See also journ. Chem. Soc. 39 (1881), 77; lahresber. d. Chem. 1881, 629. 

*) )ourn. Chem. Soc. 1876, I. 3; lahresber. d. Chem. 1876, 397. 



Fig. 49. Tin cans for the se¬ 
paration of menthol. 




Oil op Peppermint. 


537 


the menthol had been separated by refrigeration, they found a 
substance C,qHj^O in fraction 210 to 215" which was isomeric 
with borneol and which may have been menthone. In fraction 
245 to 255° they suspected a substance which, according 

to their opinion, had resulted by condensation of three molecules 
of the compound 

3C,„H„0 = Q„H„„0+2H,0. 



Fig. 50. Arrangement of cans in Fig. 51. Draining of the oil after 
the refrigerator. the removal of the cans from the 

freezing mixture. 


Inasmuch as this reaction is not very probable it may be 
assumed that fraction 245 to 255" consisted of impure sesqui¬ 
terpene mixed with menthol. 

Of terpenes the oil contains Vlimonene. Its tetrabromide 
melting at 104 to 105° was prepared by Y. Murayama') from 
a fraction with [«]„ — 58.51°, and by Schimmel 8(Co.''*) from a 
fraction with — 84“ 27'. Phellandrene could not be detected‘). 

In the lowest fraction Schimmel 8; Co.-) found an alcohol 
that was recognized as ethyl-n-amyl carbinoL A fraction 

‘) Yakugakuzasshi 307 (1910), 141; )oum. de Pharm. et Chim. VII. 1 
(1910). 549. 

*) Report of Schimmel £i Co. April 1012, 103. 
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wjth the properties d,5,0.8521; Kj, — 52'’26'; 1.45991, was 

treated with phthalic acid anhydride. The alcohol regenerated 
from the phthalate had the following properties; b. p. 56 (3.5 mm.); 
djj, 0.8279; «p 4-6^17'; n„.,„. 1.42775. After distillation under 
diminished pressure its properties had scarcely been altered; 
b.p. 178.5 to 179.5"; d, 5 .0.8276; <f„ + 6”26'; nu,„. 1.42755. The 
((-naphthyl urethane of this alcohol melts at 81 to 82°. Upon 
oxidation with sodium bichromate and sulphuric acid a ketone 
resulted that reacted with bisulphite., The compound regenerated 
from the semicarbazone (m. p. 117") had the following pro¬ 
perties; b.p. 170°; d^ 5 ,0.8255; -|-0°22'; n„.,„. 1.41556. Aside 

from a slight optical activity which may have been due to a 
slight impurity, this ketone had the constants of ethyl-/?- 
amyl ketone (m. p. of semicarbazone 117 to 117.5°). Thus 
it was shown that the oil contains ( 7 -ethyl-/ 7 -amyl carbinol, 
C.,H5CH{OH)C5Hij. 

Further oxidation with sodium bichromate and sulphuric 
acid yielded. / 7 -capronic acid. 

A comparison with the synthetic cthyl-rr-amyl carbinol, pre¬ 
pared by Schimmel 8 | Co.‘) from / 7 -capronic aldehyde and ethyl 
magnesium iodide, confirmed the identity of both. 

In addition to the common /-menthol, japanese peppermint 
oil contains a very small amount of an isomer which had been 
named neomenthol by its discoverers. R. H. Pickard and 
W. 0. Littlebury-) had obtained from Schimmel 8 ; Co. a fraction 
of japanese peppermint oil from which the' menthol had been 
separated as completely as possible. After the lowest and highest 
fractions had been removed it was heated with an equal amount 
of benzoyl chloride. The reaction being completed, the hydrogen 
, chloride was removed by shaking the mixture with soda solution 
and menthone and other volatile substances were removed by 
steam distillation. The esters remaining yielded upon fractionation 
a mixture of alcohols, from which a fraction with the following 
properties was obtained: m.p. 80 to 82° (4 mm.); di,.,. 0.9032; 
((j, —8‘'48'; menthol content about 90 p.c. 

*) Rqjort of Schimmel ^ Co. April IttlB, 82. Later R. H. Pickard and 
). Kenyon (|ourn. Chem. Soc. lt>8 [1913], 1923) described still another method 
of synthesising ethyl-n-amyl carbinol. 

*) )ourn. Chem.' Soc. 101 (1912), 109. 
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This menthol fraction was converted into the acid phthalate 
that melted at 140 to 143“ with [«]„ + 4.58°. The ester was 
recrystallized 28 times from 95 p.c. acetic acid when it melted 
at 141 to 144‘\ whereas the optical rotation (in chloroform solution) 
was +57.16 '. Mixed with c/-neomenthylphthalic ester acid this 
ester melted at 142 to 144’. The alcohol regenerated from the 
ester yielded /-menthone ([«„] - 28.33") when oxidized with Beck¬ 
mann’s chromic acid mixture. 

Pickard and Littlebury had previously obtained neomcnthol, 
in addition to hexahydrothymol, when they reduced thymol accord¬ 
ing to the method of Sabatier and Senderens. A comparison 
of this alcohol with the natural one revealed their identity. 

'-Menthenone ') is another* though unimportant constituent. 
Schimmel 8j Co.-) isolated the ketone by means of its sulphite 
derivative from the solution of which all compounds not com¬ 
bined with the sodium sulphite had been removed by shaking 
with ether. The ketone was then liberated by means of caustic 
potassa.. The crude ketone obtained in this manner had the 
following properties; p.b. 101 to 103" (7.5 mm,); di,.0.9387; 
<f|, + 0 30'; nj,.j|,. 1.48675. The ketone purified by repeated 
tractionation showed the following properties- b. p. 235 to 237 ' 
(752 mm.); d^,,.0.9382; dj„.0.9343; f<„ + r30'; n„,,„. 1.48441; mol. 
refr. found 46.58, computed for CioH,„0/i 45.82. 

The semicarbazone exists in two modifications. The ((-modi¬ 
fication melts at 224 to 226°. It is difficultly soluble in alcohol 
and hence can be purified by boiling with absolute alcohol which 
removed the readily soluble ,f-compound. The |f-modification, 
which is more difficult to purify, melts at 171 to 172 ’. 

With liydroxylamine the ketone yields a normal oxime also 
an oxaminoxime. The oxime is obtained by using the calculated- 
amount of hydroxylaminc. However, inasmuch as even under 
these conditions, some oxaminoxime is found, it is necessary 
to free the oxime from adhering oxaminoxime by distillation with 
steam. Recrystallized from alcohol it melts at 107 to 109°. 

The oxaminoxime which crystallizes in stubby crystals 
melts at ,164 to -165°. It results readily when an excess of 

') 0. Wallach, Liebig's Annalen :!62 (IW8), 272, 

*) Report of Schirnmel S Co. October 1910, 9<3. 
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hydroxylamine is employed and can readily be separated from 
the ketone and its oxime because of its sparing volatility. 

When dehydrated with phosphoric acid anhydride d'-men- 
thenone yields cymene, and oxidation with ferric chloride in 
glacial acetic acid yields thymol. All of the reactions which 
A ‘-menthenone is known to give were repeated with the natural 
ketone. 

Properties. At ordinary temperature the normal oil is a 
crystalline mass saturated with oil. In commerce the normal oil 
(unseparated), the crystalline mass of crude menthol (“crystals”) 
and the oil separated from these crystals (“oil”) are to be found. 

The )apanese is the cheapest of all peppermint oils, but on 
account of its bitter taste cannot be used for all purposes. 

Normal Oil. d.,,. 0.895 to 0.902 (=dj,. 0.901 to 0.909); con¬ 
gealing point -4-17 to -f28°; «„ —29 to —42"; n,,.,,,., 1.460 to 
1.462; A. V. up to 2; menthol as ester 3 to 6 p.c.; total menthol 
69 to 91 p.c.; menthone (one determination) 21.5 p.c.; soluble in 
2.5 to 3 vol. and more of 70 p.c. alcohol, the diluted solution 
occasionally showing opalescence. 

LIQUID Oil. di,,,0.895 to 0.905; «], — 25 to —35°; n|,2„.1.459 
to 1.463; A. V. up to 2.0; menthol as ester 4 to 15 p.c.; total 
menthol 47 to 68 p.c. in most cases 49 to 55 p.c.; menthone 21 
to 30 p.c.; soluble in 2.5 to 4 vol. and more of 70 p.c. alcohol, 
the diluted solution opalescing for the most part. 

In order to distinguish Japanese peppermint oil from other 
oils a new method has been suggested in addition to the color 
reaction with glacial acetic acid described on p. 517‘): A mixture 
of 1 cc. of oil and 0.5 g of a mixture of equal parts of para¬ 
formaldehyde and citric acid is heated on a water bath. The 
Japanese oil reveals no color change, whereas a purple color 
results with American, .English, Italian and Saxon peppermint 
oils. This method is preferable to the color reaction with con¬ 
centrated glacial acetic acid because it is more readily carried out. 

English or Mitcham Peppermint Oil. 

Origin. In England two kinds peppermint-are cultivated, the 
“white” mint which has a green stem and the “black” mint which 


*) Perfum. Record 2 (1911), 275. 
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has a purplish stem. According to the recent investigations of 
A. and E. G. Camus*), the latter is to be regarded as Mentha 
piperita var. officinalis forma rubescens, Camus, the former as 
M. piperita var. officinalis forma paliescens, Camus. 

Cultivation. In England the cultivation of peppermint is con¬ 
ducted along similar lines as in North America and )apan-). 
Here also the plant is propagated by roots not by seeds. After 
the land has been prepared in winter the plants are set in May. 
They are allowed to remain four to five years, tliough they 
afford the best yield in the second year. After the fourth or 
fifth year the land has become unsuited for mint cultivation '). 
But one harvest is gathered annually and it begins about the 
third week in August. The herb is spread out on mats so that 
it may dry partially before it is transferred to the still. 

The areas of cultivation and distillation of peppermint arc 
located in the Counties of Kent, Surrey, Hertfordshire, Suffolk, 
Cambridgeshire and Lincolnshire in the vicinity of Mitcham, 
Maddon, West Croydon, Wallington, Carshalton, Ewell, Dorking, 
Leatherhcad, Caterham, Cheisfield, Long Melford, Elsenham, 
Hitchin and Market Deeping. The total area of the Mitcham 
district is estimated at 450 to 500 acres, about 50 acres being 
cultivated with the “white” mint which is preferred. The total 
oil production of the districts enumerated is estimated at 20000lbs. 
Statistics do not exist. 

Distillation, in part the old stills, heated with direct fire 
are still in use, for the most part, however, large steam stills 
arc now employed which have a capacity of '/j to l‘/j tons of 
herb*). The distillation of a charge requires, as a rule, 5 hours, 
but the bulk of the oil passes over during the first two hours. 

One acre yields 4 to 6 tons of herb and the ton yields 2'/2 
to 6 lbs. of oil. The statements as to yield of oil per acre fluctuate 

‘) Berichte von Roure-Bertrand Fils October IWl, 3. 

*) Concerning the cultivation of English Peppermint comp. The Chemist’s 
and Druggist’s Diary 190S, 237 j Umney, Perfum. Record t (1910), 292; W. A. Bush, 
Americ. Perfumer 8 (19)3), 122. 

“) loumal of the Board of Agriculture 15 (1908), No. 5; Report of Schimmel 
Co. October 1909, 97. 

*) Comp. ). C. Shears, Perfum. Record 1 (1910), 96. 
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between 10 and 30 lbs. According to H. J. Henderson'), the plants 
which grow in open, sunny places give much more oil than.those 
which grow in moist, shady places. The former yielded 0.409 p. c. 
of oil from fresh herb, the latter but 0.1 p.c. 

Properties. English peppermint oil, mostly referred to as 
Mitcham oil, is highly esteemed on account of its fine aroma 
and taste. Inasmuch as other countries now produce equally 
good oils, the English oil has lost its former dominant position. 
d^,.0.901 to 0.912; -21 to—33"; ni,„„J.460 to 1.463; A. V. 

up to 1.6; menthol as ester 3 to 21 p.c. (3 to 8 p.c. for the oils 
from “white” mint and 13 to 21 p.c. for the oils from “black” 
mint); total menlhol 48.5 to 68 p.c.; menthone 9 to 12 p.c. (only 
a few determinations!); soluble in 2 to 3.5 vol. and more of 
70 p.c. alcohol; the diluted solution opalescent in individual cases 
and even turbid. 

Composition. From English peppermint oil F. A. Fluckiger 
and F. B. Power-) isolated two la:vogyrate terpenes boiling 
between 165 and 170° (mixtures of pinene and phellandrene?) 
and 173 to 176° respectively (mixture of phellandrene and 
limonene?), also a dextrogyrate sesquiterpene (probably cadinene) 
boiling between 255 and 260'. J. C. Umney“) proved the presence 
of phellandrene by means of the nitrite reaction and showed 
that the acids combined with menthol are acetic and isora/er/c 
acids as in the American oil. There can be no doubt but that 
most of the substances isolated from American peppermint oil 
will, upon careful examination, also be found in the English oil. 

French Peppermint Oil. 

Origin and Production, in France peppermint is cultivated 
for the production of oil in the Department Alpes-Maritimes in 
the vicinity of Grasses, Cannes, Vence, Cagnes and Villeneuve- 
Loubet, which is regarded as the principal centre*); furthermore 
in the Department Basses-Alpes about Entrevaux, Barreme and 
Castellane, in Var near Fayence, and in Haute-Garonne near 

') Chemist and Druggist 70 (1911), 216. 

“) Pharmaceutical )ourn. III. 11 (1880), 220. — Arch, dhr Pharm. 218 
.(1881), 222. 

*) Pharmaceutical )ourn. 56 (1896), 123 and 57 (1896), 103. 

*) Berichte von Roure-Bertrand Fils October 1906, 34. 
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Revel on the Montagnc noir. Cultivations of some importance 
are also founii in Vaucluse. Wheteas in England the hectare 
produces but 11 to 17 kg. of oil, the same area in France is 
said to yield 50 kg. of oil‘). On the average 400 kg. of herb 
yield 1 kg. of oil or 0.25 p.c.'-) The black or red peppermint 
yields even 0.33 p.c.^') In Grasse alone 4000 to 5000 kg. of oil 
are produced annually ^). In Vaucluse the cultivated areas cover 
250 to 300 hectares--). In Revel 60000 kg. of herb arc distilled 
annually'). 

Apparently the cultivation of English peppermint is now quite 
generally given preference. At Grasse Roure-Bertrand Fils") 
cultivate the “white” mint, Mentha piperita, Fluds. var. officinalis, 
Sole forma pafiescens, Camus,, also the “black” or red mint, 
M. piperita, Huds. var. officinatis. Sole forma rubescens, Camus, 
whereas in Vaucluse'-) the latter only is cultivated. 

Directions for French peppermint cultivation, which was 
originally restricted to the Grasse district but which later extended 
in the Var valley to Entrevaux, are given by L. Belle"), also by 
A. Rolet"), professor at the horticultural school in Antibes. 

As has been shown by E. Charabot and C. Ebray”), also by 
M. Molliard*"), the Menthe basifiquee is a degenerated pepper¬ 
mint plant produced by an animal parasite, the Eryophyes Nenthee, 
Molliard. It is accompanied by a serious deterioration of the oil. 

The development of the oil in the plant has been studied 
by E. Charabot and A. Hubert”). They have investigated the 
influence of sodium chloride, sodium nitrate, and other salts on 
the growth of the plant **). 

*) Perfum. Record 2 (1911), 13; 5 (1914), 7. . 

*) Berichte von Roure-Bertrand Fils October 1902, 38. 

•■') Ibidem October 1911, 40. 

*) Ibidem October 1907, 44. 

‘I Perfum. Record 1 (1910), 294. 

*) Berichte von Roure-Bertrand Fils October 1911, 11. 

’) )ourn. Parfum. et Savonn. 20 (1907), 80; Report of Schimmel iii Co. 
October 1907, 74. 

“) Parfum. modeme 7 (1914), 73. 

<-) Bull. Soc. chim. III. 19 (1898), 117. 

’“) Berichte von Roure-Bertrand Fils October 1905, 3. 

• “) Compt. rend. 180 (1900), 257, 518; 188 (1904), 380. 

,“) .Compt. rend. 182 (1901), 159; 134 (1902), 181, 1228; 130 (1903), 160, 
1009, 1678. - Bull. Soc. chim. ill. 27 (1902), 204, 914; 29 (1903), 512, 698. 
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Composition. Upon fractionation of the saponified French 
oil Roure-Bertrand Fils') isolated and identified the following 
constituents. 1. Isora/er/c aldehyde (m. p. of ammonia compound 
56 to 58°). 2. hoamy! alcohol (b. p. 132°, oxidation to /sovaleric 
aldehyde). Whether the alcohol is present free or as ester has 
not been ascertained. 3. Vu-Pinene (b.p. about 155°, m.p. of nitroso- 
chloride 102 to 103"). 4. A-'-p-menthene (not definitely deter¬ 
mined). 5. Cineol. 6. \-Menthol. 7. A-Menthone. According 
to an earlier communication by the same firm-) the oil contained 
acetic acid and valeric acid esters. 

Properties"). dii,.0.910 to 0.927; — 5 to — 35°; n„.,„. 1.462 

to 1.471; A. V. up to 1; menthol as ester 4 to 21 p.c.; total 
menthol 45 to 70 p.c.; soluble in 1 to 1.5 vol. of 80 p.c. alcohol, 
the addition of more solvent causing opalescence and even tur¬ 
bidity. Some oils are soluble in 3.5 vol. of 70 p.c. alcohol. 

Hand in hand with diseased external changes such as those 
of the sting of the insect producing the Menthe basiUquee (see 
above), changes in the properties and composition of the oil have 
been observed. The specific gravity increases, thelasvorotation 
changes to dextrorotation, and the menthol content sinks appre¬ 
ciably. djr,.,0.924 to 0.935; +4 to -1-7°; ni,.,^ 1.471 to 1.473; 

menthol as ester 8 to 11 p.c.; total menthol 40 to 42 p.c. 


Ofdinaiy peppermint Red peppermint 


dlfto. 

0.9191 

0.9184 

0.9170 

0.9136 

«D ■. 

-10° 54' 

-8°2’ 

-16° 38' 

-13° 44' 

Solubility in 80 p.c. 
alcohol ..... 

1 vol., 

followed by turbidity 

- 

1 vol., 

followed by turbidity 

— 

A. V. 

0.8 

0.8 

1.0 

1.2 

E. V. 

40.5 

31.7 

18.9 

17.5 

Menthyl acetate . . 

14.3 p. c. 

11.2 p.c. 

6.7 p.c. 

6.2 p.c. 

E.V. after acetylation 

160.8 

169.1 

180.2 

185.6 

Total Menthol . . . 

50.9 p.c. 

53.9 p.c. 

58.0 p.c. 

60.0 p.c. 

Free Menthol . . . 

39.6 p.c. 

45.1 p.c. 

52.8 p.c. 

55.1 p.c. 

Menthone content 

7.3 p.c. 

— 

16.8 p.c. 

— 


h Berichte von Roure-Bertrand Fils April 1909, 40. 

■-') Ibidem March 1900, 17. — Bull. Soc. chim. 111. 19 (1898), 117. 

’) Comp, also Report of Schimmel £( Co. April 1905, 62; October 1908, 
58 and Berichte von Roure-Bertrand Fils October 1908, 23; October 1909, 14. 
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The properties of two different varieties that are cultivated 
in southern France have been determined by Roure-Bertrahd Fils^). 
What is to be understood by “common peppermint” does not 
become quite apparent. The “red” peppermint in question is 
Mentha piperita, Huds. var. officinalis forma rubescens, Camus. 

From dry peppermint leaves (Mentha piperita) that had 
dropped during the growth of the plant, ). Muraour'^) obtained 
a yellow oil with a yield of 0.4 to 0.5 p.c. Its odor reminded 
of that of japanese peppermint oil and it showed the following 
constants: — 


d.r,. . . . . 

“d. 

Menthyl-acetate 
Total menthol 


Sample I 
0.913 
-38’18' 
33.f6 p.c. 
43.99 p. c. 
Sol. in 1.5 vol. 
80 p c. alcohol. 


Sample II 
0.911 
- 40’4' 
40.31 p.c. 
45.67 p.c. 
Sol. in 2.5 vol. 
80p.c. alcohol. 


The limit values given by Muraour in his contribution arc 
much too narrow and hence not applicable. The conclusions 
therefore drawn from the properties of this oil sample examined 
by him are not warranted. 


Italian Peppermint Oil. 

Origin and Production.. Whereas formerly peppermint of 
indefinite origin was and, in fact, even today is being cultivated, 
since some time English Mitcham mint, both the “white”") and 
"black”") varieties are now being cultivated in various places, 
e. g. in Pancalieri in Piemont. The yield from fresh herb 
amounts to 0.02") to 0.025 p.c.*). In 1910 4000 kg."), according 
to another statement 10000 kg. of Italian Mitcham oil, as it is 
called to differentiate it from Piedmont oil from old plants, is 
said to have been distilled. 1 ha. of Italian Mitcham plants are 
said to yield 50 kg. of oil, whereas the hectare of indigenous 
plants yields but 30 kg.*). 350 kg. constitute a charge, the fresh 
flowering herb resting on a grating. The distillation is con- 


*) Berichte von Roure-Bertrand Fils October 1911, 39. 
“) Bull Soc. chim. IV. 9.(1911), 66. 

“) W. S. Flick, Perfum. Record 2 (1911), 136. 

*) Parfum. modeme .8 (1911), 116. 

CiLDEMtisTER, The voutile oils. hi. 


35 



546 


Family: Labiataj. 


ducted either with steam*) or over direct fire'*). An attempt to 
cultivate English peppermint plants in Messina was soon given up®). 

Properties*). d,r,, 0.909 to 0.926; (r^,—2°30' to —26°51'; 
n,,.,„, 1.462 to 1.468; A.V. up to 0.6; menthol as ester 3.3 to 

10.4 p.c.; total menthol 44 to 67 p.c.; menthone 8 to 21 p.c. 
As a rule the oils form a clear solution with 3 to 7 vol. of 
70 p.c. alcohol, additional solvent causing opalescence and even 
turbidity. In a few instances 70 p.c. alcohol would not yield a 
clear solution. 

The oil of the above-mentioned peppermint cultivated in 
Messina has been examined by ). C. Umney and C. T. Bennett ’). 
Noteworthy is the difference in the oils distilled at different 
times. The oil (yield 0.4 p.c.) from the first ()uly) cut had the 
following properties: d 0.908 and 0.906; -14 and —21°; 

total menthol 40 and 41.6 p.c.; free menthol 36.2 and 36.9 p.c.; 
ester computed as menthyl acetate 4.8 and 6.0 p. c.; soluble in 
3 vol. of 70 p.c. alcohol. The oil from the second (December) 
cut had the following properties: d 0.920; a„ —23°; total menthol 

70.5 p.c.; free menthol 47.4 p.c.; ester 29.4 p.c.; insoluble in 
70 p.c. alcohol, soluble in 2 vol. and more of 80 p.c. alcohol. 

Germam Peppermimt Oil. 

Saxon peppermint oil is not surpassed by any of the com¬ 
mercial varieties as to delicacy of aroma and taste. It is the 
highest-priced of all peppermint oils. Inasmuch as the annual 
production amounts to but several hundred kilos it is no im¬ 
portant factor in the world’s market, d,*. 0.900 to 0.915; «j,—23 
to —37°; n,, 2 „. 1.458 to 1.469; A.V. up to 1.3; menthol as ester 
2.8 to 20.8 p.c.; total menthol 48 to 81 p.c.; menthone 12 to 
23 p.c.; soluble in 2.5 to 5 vol. and more of 70 p.c. alcohol, 
the diluted solution being turbid at times. 

The peppermint oil distilled in limited amounts in Gnadenfrei, 
Silesia, is one of the best oils and closely resembles the Saxon oil. 


*) W. S. Flick, Perfum. Record 2 (1911), 136. 

*) Parfum. moderne 8 (1911), 116. 

“) Perfum. Record 2 (1911), 13. 

*) Comp, also footnotes 1 and 2, also L. Bourdet, Bull. Sciences phar- 
macol. 18 (1911), 392. 

'') Chemist and Druggist 60 (1905), 945 ; 6J (1905), 970. 
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The oil which is distilled in Colleda, Ringleben (Thuringia) 
and other places from the waste of peppermint unsuited for 
purposes as drug, yields mostly an inferior oil of an unpleasant 
odor reminding somewhat of spearmint, di^,. 0.899 to 0.930; 
<(„—27 to—34". With 70 p.c. alcohol the oil,, as a rule, does 
not yield a clear solution. 

Russiam Peppermimt Oil. 

Origin. The Russian oil no more enters the world market 
than do the French, Italian and German oils of peppermint, for 
it is mostly consumed in the domestic market. It is produced 
in the Government Tambov'), in the Caucasus-), and in the 
Ukraine"), principally in the Government Poltava*), where the 
annual production is estimated at 9000 kg. 

As stated by J. Maisit-), English “black” mint is cultivated 
at an altitude of about 500 m. in the Sotchi district on the 
Black Sea in Caucasia. The oil is distilled in new modern 
apparatus. From the dry flowering herb a yield of about 1.6 
to 1.7 p.c. of crude oil is obtained. 

Properties, dj^. 0.904 to 0.920; —17 to —26"; menthol 
as ester 3 to 11 p.c.; total menthol 50 to 58 p.c.; menthone 
(one determination) 16.35 p.c.; for for the most part soluble in 
70 p.c. alcohol. Two oils distilled in the Caucasus had the 
following properties'*); — 

j i I a V i Menthol ' f'ree I Total 

j, ^ 20 ” I “d ’ j I as ester menthol j menthol 

1 year old plants 'j0.9l2! -17'’42' 0.57 6.57 p.c. ' 42.44 p.c. 49.01 p.c. 

2 year old plants !l0.913! -I7"57' 0.56 8.74 p.c. ’ 41.33 p.c. 50.07 p.c. 

Composition. A Russian oil distilled in the Government Kasan 
has been examined by G. Andres and A. Andreef). In addition 
to menthol they found a dextrogyrate menthone, probably a 

') ). Schindelmeiser, Apotheker Ztg. 21 (1906), 927. 

*0 ). Maisit, Arch, der Pharm. 249 (1911), 637. 

’) Perfum. Record 5 (1914), 314. 

*) Zeitschr. f. angew. Chem. 28 (1915), III. 517. 

') ). Maisit, Arch, der Pharm. 249 (1911), 637. 

“) Berl. Berichte 25 (1892), 609. —G. Andres, Pharm. Zeitschr. f. Ru81. 29 
(1890), 341. 
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mixture of both isomers-in which the dextrogyrate modification 
predominated. The analysis of fraction 158 to 160° yielded results 
that indicated a mixture of a hydrocarbon Ci„Hik with a terpene 
(pinene?). The authors, therefore, assume the presence of a 
menthene which, however, they did not isolate in the pure state. 
Fractions 173 to 175° contained X-Umonene (m.p. of tetrabromide 
102°; m.p. of nitrosochloride 103"; m.p. of dihydrochloride 49.5 
to 50°). 

In an oil obtained from the Government Tambov, ). Schindel- 
meiser ‘) proved the presence of \-«-pinene (m. p. of nitrosochloride 
103°; m.p. of nitrolpiperidide 118°), dipentene (m.p. of tetra¬ 
bromide 125 to 126°; m.p. of nitrosochloride 103°; m.p. of carvoxirne 
92 to 93°), c// 7 eo/.(m.p. of hydrogen bromide derivative 57°), a 
mixture of 1- and d-menthone in which the lavogyrate modifica¬ 
tion predominated, and finally menthol and its acetic and valeiic 
esters. Neither phellandrene nor menthene, the presence of 
which was claimed by Andres and Andreef, was found. 

DALMATIAN PEPPERMINT OIL. X 

Schimmel 8| Co.'") have investigafill a number of pepper¬ 
mint oils which had been distilled by |. Giaconi, of Trieste, from 
French peppermint plants cultivated in Dalmatia. Most of the 
oils had been distilled from fresh herb. Some were crude oils, 
others rectified. The crude oils had a peculiar odor reminding 
of pennyroyal. Apparently this can be removed by rectification 
for the rectified oils no longer possessed this peculiarity. Hence 
the rectified oils might be considered for the production of 
liquors and perfumes. The constants of these oils fluctuated 
between the following limits:—- 


Crude oils Rectified oils 

d ..0.9074 to 0.9127 0.9094 to 0.9141 

.—15°45'to ~20'’58' —11° 45' to —18'12' 

. 1.46229 to 1.46684 1.46041 to 1.46783 

A.V.0 to 1.9 0 to 1.0 

Menthol, as ester . . 3.4to4.8p.c. 2.6to3.8p.c. 

Total menthol.46.3 to 54.2 p.c. 39.6 to 54.1 p.c. 

2.8 to 3.4 vol. and more, 2.8 to 3 vol. and more, in 


Solubilitv in 70 p.c. alcohol mostly 8ho>tf»ng opalescence one instance only opalescence 

^ when diluted. resulted upon dilution. 

‘) Apotheker Ztg. 21 (1906), 927. 

*) Report of Schimmel S Co. October 1911, 69. 
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Hungarian Peppermint Oil. 

In the Experiment Station for the Cultivation of Medicinal 
Plants connected with the Royal Hungarian Agricultural Academy 
in Klausenburg-Kolozsvar a number of peppermint oils have 
been distilled concerning which K. Irk') reports. 

The Hungarian peppermint oil resembles the American more 
closely than any other. The plant contains 1.17 p.c. (computed 
with reference to dry material?) of oil with the following con¬ 
stants: d,„. 0.9014 to 0.9192; -26,15 to -32,40'’: n^,,„. 1.4632 

to 1.4769; menthol as ester 8 to 12.8 p.c.; total.menthol 56.4 
to 65.2 p.c.; menthone 7.4 to 13.2 p.c.; soluble in 2 to 5 vol. 
of 70 p.c. alcohpl, in 1 to 2 vol. of 80 p.c. alcohol, and 0.5 vol. 
of 90 p.c. alcohol. 

Bohemian Peppermint Oil. 

An oil distilled in Bohemia had the following properties: 
d,„, 0.905; 27‘’22'; menthol as ester 8.7 p.c.; total menthol 

59.9 p.c.-); soluble^,in 70 p.c. alcohol. 

Chinese Peppermint Oil. 

In China peppermint oil is produced, apparently in appre¬ 
ciable amounts, in the vicinity of Hongkong®). The parent plant 
is presumably Mentha canadensis var. glabrata, Gray'). There 
are but two reports of investigations"'), probably of the same oil. 
d„,o0.918: «j, — 44"2' and —44°40'; menthol as ester 12.6 and 
13.5 p.c.; total menthol 64.0 and 64.2 p.c.; soluble in 2.5 vol. 
and more of 70 p.c. alcohol. 

820. Oil of Mentha arvensis. 

From the dry herb of Mentha arvensis, L., Ger. Feidminze, 
Schimmel 8| Co. obtained 0.22 p.c. of oil; d|j.0.857; «j,~2'’.44'. 

*) Kiserletugyi Kozlem^nyek 18 (1910), 3. f. bol. and 4. f. b6L Report 
from the chemical laboratory of Experiment Station for tiie Cultivation of 
Medicinal Plants of the Royal Hungarian Agricultural Academy in Kolozsvar; 
Report of Schimmel £|Co. April t»ll, 91; October liUl, 70. 

Report of Schimmel h Co. April 1N96, 47. 

") Daily Corns, and Trade Rep., Washington 17 (1914), No. 56, p. 906. 

*). Perfum. Record 4 (1913), 33. 

") Report of Schimmel & Co. October ItHO, 96. — Bull. Imp. Inst. U 
(1913), 434. 
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821. Oil of Mentha arvensis var. glabrata. 

The oil of Mentha arvensis var. glabrata, Gray, growing in 
South Dakota, has been distilled by F. Rabak‘) with a yield of 
0.8 p. c. computed with reference to the fresh herb. The odor 
of the light yellow oil was similar to that of peppermint but 
caused to suspect the presence of pulegone. The taste was 
strongly peppermint-like and pungent. The oil which was 
soluble in one-half its volume of 90 p.c. alcohol, revealed the 
following constants: dO.9267; a,,-f 16”27'; A.V. 2.6; E.V. 13.1, 
corresponding to 4.6 p.c. of ester C„|H„,OCOCH.,; E.V. after 
acetylation 47, corresponding to 13.57 p.c. alcohol 
Neither fuchsine solution nor Nessler’s Reagent indicated the 
presence of aldehydes. 

822. Oil of Mentha canadensis. 

Wild mint, Mentha canadensis, L., Ger. kanadische Minze, 
which grows wild in North America, yields upon distillation an 
oil of reddish-yellow color and a strong odor reminding of penny¬ 
royal. The yield from dry herb was 1.23 p.c.-). d,5.0.943-); 
d,„.0.927 to 0.935^); «^,+ 16°ir to -f20'’32'. With twice its 
volume of 70 p.c. alcohol it yields a clear solution. 

According to F. M. Gage“) the oil contains pulegone, the 
presence of which was established by means of Baeyer’s bis- 
nitroso compound. The melting point of this substance, not 
recorded by Baeyer, is at 81.5° according to Gage. In addition 
to pulegone the oil probably contains small amounts of thymol 
or carvacrol. 

823. Oil of Mentha javanica. 

Mentha javanica, Bl. (Mentha lanceolata, Benth.) is closely 
related to Mentha canadensis, L. and is also looked upon as a 
variety of Mentha arvensis, L. P. van der Wielen‘) was the 
first to report on Javanese mint oil. It possessed an agreeable, 

') Midland Drugg. and Pharm. Review 43 (1909), 5. 

“) Report of Schimmel Co. October 1893, 45. 

•’) Pharm. Review 1ft (1898), 412. 

*) Pharm. Weekblad 41 (1904), 1081; Apotheker Ztg. 19 (1904), 930. 
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but not typical peppermint odor, a bitter taste and a light green 
color. di 5 „0.9214; [((]„ + 4°40'; soluble in 1.5 vol. of 70 p.c. 
alcohol. Cooled to —60“ the oil congealed in part but liquified 
again at 15". It contained much pulegone and little or no 
menthone or menthol. 

An oil sent to the Botanical Institute in Huitenzorg') by 
Dr. Carthaus of )ava presumably was obtained from the same 
plant, d^,,.0.974; 12"28' (direction not given); menthol as 

ester 5.2 p.c.; total menthol 44.9 p.c. 

Presumably identical with this oil was the distillate sent by 
Carthaus to Schimmel Co.'-*). It had a light green color and its 
odor did not even distantly remind of peppermint. It contained 
55 p.c. of a compound, presumably pulegonc, that reacted with 
neutral sodium sulphite. That portion of the oil which did not 
react with the sulphite had a decided linalool odor. d,„. 0.9792; 
iii, + iri5'; A.V. 0.7; E.V. 19.0; E.V. after acetylation 45.6; 
soluble in 1.8 vol. and more of 70 p.c. alcohol. 

Very different in its properties was the Javanese mint oil 
examined by Roure-Bertrand Fiis'‘). Mentha arvensis var. javanica 
is given as the parent plant, d,.,.0.9979; «„ + 0"24'; A.V. 69.8(1); 
E.V. 49.7 = 13.8 p.c. computed as menthol as ester; E.V. after 
acetylation 153,3 — 48,2 p.c. computed as total menthol; soluble 
in 1.5 vol. and more of 70 p.c. alcohol. On account of the high 
acid content all constants, with the exception of the density, 
were determined after the oil had been neutralized. Refrigeration 
of the dark yellow oil did not cause separation of menthol, 
even after inoculation with a few menthol crystals. Aldehydes 
and ketones were not present or only traces thereof, which 
shows that this oil bears no resemblance to the oils described 
above. 

According to M. Greshoff^) the yield of oil from Mentha 
arvensis var. javanica observed in the Botanical Institute at 
Buitenzorg amounted to 1 p.c. d.^,,.0.943; Uj, of the oil from the 
first cut +10° 18', from plants of the second cut +r24'. 

‘) jaarb. dep. Landb. in Ned.-Indie 1800, 45. Batavia 1907. 

*) Report of Schimmel 6 Co. November 1908, 101. 

“) Berichte von Roure-Bertrand Fils, April 1910, 65. 

*) Report of Schimmel 8( Co. November 1908, 85. 
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824. Oil of Mentha aquatica.' 

From the dry herb of Mentha aquatica, L., Ger. Wasser- 
mime, Schimmel Co.*) obtained 0.34 p.c. of a yellowish- 
green oil with a pennyroyal-like odor. dj,.6.880; -2“14'. 

An oil distilled at the request of Prof..Tschirch by the same 
firm from reliable, dry herb with a yield of 0.8 p.c. had very 
different properties-). Its color was pale yellow, the odor 
slightly minty, d^r,.0.9553; -1-64’56'; n,,,,.!.48276. 

Different again was an Hungarian oil from Mentha aquatica 
which showed the following constants according to K. Irk"): 
d'^.’0.9603; 22.73’’; n„„„, 1.4900; soluble in 0.5 vol. of 

90 p.c. alcohol. The color of the oil was a dark straw yellow 
and- its odor was pleasant, reminding of pennyroyal. 

Poco-oUe (Min/ak poko or Minjak poho) is the name given 
in Java‘) to the oil of Mentha aquatica, L. imported from China 
(Chinese Loeng noo poho or Loeng nao poko^)). A genuine 
poco oil sent to the Botanical Institute at Buitenzorg had the 
following properties: dj„.0.909; —42“20'. 

Synonymous with Mentha aquatica, L. is Mentha citrata, 
Ehrh., a plant that is popularly known in Florida as bergamot 
mint"). The oil obtained from the young, nqn-flowering plants 
(without roots) with a yield of 0.2 p.c. was light yellow in color 
and possessed an agreeable odor reminding of lavender and 
even more of bergamot: d„o0.8826; 5“35'; E.V. 31.28 

= 10.95,p.c. of linalyl acetate; soluble in 2 vol. and more of 
70 p.c. alcohol. 

From the same plant but from frozen leaves an oil was 
obtained with like yield but with different properties: d,,, 0.8895; 
Oi)—r4r; E.V. 111.28 = 38.95 p.c. ester (computed as linalyl 
acetate); soluble in 2 vol. and more of 70 p. c. alcohol. 

*) Bericht von Schimmel S Co., October ISSS, 55. 

“) Report of Schimmel 6 Co. April 1913, 74. 

") Kiserletugyi K5zlemenyek 14 (1911); Pharm. Zentralh. 52 (1911), 1113; 
.Report of Schimmel ^ Co. April 1912, 132. 

*) Report of Schimmel Co. October 1908, 85. — Jaarb. dep. Landb. 
in Ned.-lndiS, 1906, 45. BaUvia lOOT 

") Bull, van het Koioniaal Museum te Haarlent No. 42, p. 179. Amster¬ 
dam 1909. 

") R^ort of Schimmel & Co. April 1904, 95. 
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Because of the higher ester content the odor of linaly 
acetate in this case was even more pronounced than in the 
foregoing oil. The causes of the very decided differences in 
the properties of the two oils have not been traced. 

825. Oil of Spearmint. 

Oleum Menfh* Crisps'), — Krauseminzol. — Essence de Menthe Cripue. 

Origin. In commerce American, English, German and Russian 
spearmint oils are differentiated. The botanical source of these 
oils differs, "f^rauseminze” is a name applied to a number of 
mints with curly leaves and spearmint-like odor, the botanical 
relationship and nomenclature of which is exceedingly compli¬ 
cated, but which have been straightened out by A. Tschirch, 
j. Briquet and others*). 

In North America (Michigan, Indiana, New York) and in 
England a large number of varieties of Mentha spicata, Huds. 
{M. viridis, L.) are cultivated as spearmint, thus in North America 
M. spicata, Huds. var. tenuis (Mchx.), Briq. and in England 
M. spicata, Huds. var. trichoura, Briq, In Germany (also in 
Korneuburg and Klausenburg) M. spicata, Huds. var. crispata, 
(Schrad.), Briq. is principally cultivated, less frequently M. iongi- 
lo/ia, Huds. var. unduiata, Briq. According to Tschirch, a Russian 
spearmint from the Government Poltava was a N. verticillata, L. 
var. strabala, Briq., another not curly form was M. verticillata 
var. ovalifolia, H. Br. 

Production. Spearmint is distilled on a large scale in the 
United States, where it is also known as green mint, more parti¬ 
cularly in Michigan and Indiana. The amount distilled has in¬ 
creased considerably in recent years. The former cultivation 
in Wayne Co., New York, has ceased almost entirely since 1911. 
In Michigan and Indiana the following areas were cultivated”): 
800 acres in 1908; 1462 in 1910; 1726 in 19)1; 2057 in 1912; 
3500 fn 1913. Inasmuch as an acre yields”) about 20 lbs. of oil 

‘) In the London Pharmacopoeia for 1788, spearmint oil was designated 
Oleum Menthx Sativx. E. M. Holmes, Pharmaceutical Journ. 94 (1915), 29. 

”) A. Tschirch, tfandhuch der Pharmakognosie, vol. 2, p. 11(X). 

“) Reports of Schimmel 8) Co. 1908 to 1914. 

*) Twentieth annual Report of the Bureau of Labor of the State of Michigan, 
p. 447. 
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the production of spearmint oil in 1913 must have amounted 
to about 70000 lbs. for those two states. The production in 
Germany is slight. This is also true of England where at 
present about 300 acres of spearmint are cultivated, not all of 
which, however, is distilled. As to the production in Austria- 
Hungary no data are available. So far as Russia is concerned, 
the oil production in the Ukraine’) amounts to 1000 lbs. and 
in the district of Epiphania of the Government Toula-) the 
production, according to a totally unbelievable statement, amounts 
to 200000 kg. 

Cultivation. The method of cultivation is the same as that 
of peppermint. In Korneuburg”) the area of land not fertilized 
yielded 8.6 kg., the same area of fertilized land 15.87 kg. of dry 
herb. In Klausenburg*) three cuts were obtained, the third cut 
having no unfavorable influence on the wintering qualities of 
the plant. 

Properties. Spearmint oil and German /(rauseminzo/ resemble 
each other so closely that the twp are not differentiated in com¬ 
merce. The oil is colorless or yellowish, or greenish-yellow, with 
the characteristic penetrating, persistent disagreeable odor of the 
spearmint. Age and exposure of the oil to air cause it to thicken 
and become darker. 

American and German Oil. d„. 0.920 to 0.940; - 34 to 

— 52°; nj,.j„. 1.482 to 1.489; A. V. up to 2; E.V. 18 to 36; carvone 
content (sulphite method, see vol. I, p. 589) 42 to 60 p.c.; soluble 
in 1 to 1.5 vol. and more of 80 p.c. alcohol, the.diluted solution 
becoming opalescent and even turbid. Somewhat different were 
the properties of the distillates obtained in the American branch 
of Schimmel 8; Co. in Garfield, N. |. The herb cultivated in the 
immediate vicinity of the factory was distilled fresh during the 
flowering period with a yield of 0.3 p.c. The oil had a specific 
gravity of 0.980, hence was appreciably heavier than the ordinary 

*) Perfum. Record 5 (1914), 314. 

-) Seifenfabrikant 84 (1914), 796. 

•) E. Senft, Zeitsctw. f. d. landwirtsch. Versuchsw. in Osterreich 1»14, 
fascicles 3/4. 

*) B. Pater, Die Heiipflanzenversuchsanstalt der landwirtsch. Akademie 
in Kolozsvar, fascicle 1. Kolozsvdr 1914. 
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commercial oils; —42'’30'. The odor differed materially from 
that of the commercial oils; it was not at all peppermint-like 
but reminded distinctly of carvone. Cohobation of the aqueous 
distillate yielded relatively much oil that was heavier than water. 
In the production of the commercial oils, this part is possibly 
lost because of insufficient distillation which would account for 
the deviating specific gravity of those oils'). After the first 
cut toward the end of )uly, a second cut was made early in 
October. The yield, again computed with reference to the 
fresh material, amounted to only 0.18 p. c. The odor of the 
oil was not of so fine a quality and both density and angle 
of rotation were lower, namely 0.961 and — 37"20' respect¬ 
ively. Mevertheless the oil was heavier than the commercial 
oils, although no portions heavier than water were obtained 
this time-). 

E^GLISH Oil. Two English oils examined by H.). Henderson ') 
had the following constants: dj..,. 0.931 and 0.927; «„--50° and 
-50"; soluble in 1 vol. of 90 p.c. alcohol, the addition of 6 to 
7 vol. causing cloudiness turbidity. 

Austro-Hungarian Oil‘). Yield from non-dried material 
0.52, from dried 1.8 to 2.5 p.c.; dj,,0.936 to 0.952; «j, - 38 to 
— 50"; n,,.,,,.,1.489 to 1.493; carvone content 61 to 72 p.c.; 
soluble in 1 vol. and more of 80 p.c. alcohol. The isolated car¬ 
vone had the following properties; d,.,o 0.965; ((„ — 58° 7' to 
-59°50'; soluble in 1 vol. and more of 80 p.c. alcohol. 

Russian Oil. The Russian oil was distinguished by a high 
linalool and a low carvone content. Its odor was stale and only 
slightly spearmint-like, hence cannot be used in place of the 
other commercial oils, d,^ 0.883 to 0.889; tq, -23 to — 26 ; 
A.V. about 1; E.V. 15 to 25; carvone content (estimated!) 5 to 
10 p.c.; linalool content about 50 to 60 p.c.; soluble in 2 to 
3 vol. of 70 p.c. alcohol and in 1 vol. of 80 p.c. alcohol. 


») Report of Schimmel S Co. October 1896, 69. 

•) Ibidem April 1S9J, 46. 

“) Pharmaceutical journ. 79 (1907), 506. 

*) Comp. Report of Schimmel £i Co. April 1909, 85 and K. Irk, Ifiser- 
letugyl K6zlemenyek 14 (1911); Pharm. Zentralh. 52 (1911), 1111; Report of 
Schimmel £( Co. April 1912, 118. 
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Composition. R. Kane') observed in the oil of Mentha viridis 
a crystalline constituent which possibly is identical with the 
fatty acid, tn. p. 182 to 184°, observed (see below) by Nelson. 
). H. Gladstone") found carvone in the oil of green mint. With 
hydrogen sulphide he obtained a compound from which alkali 
separated an oil which deviated the ray of polarized 

light to the left as much as dill carvone does to the right. 
Gladstone designated this substance menthol, an unfitting name. 

From German /(rauseminzol, F. A. Fluckiger") isolated a 
/-carvone with rather low rotation. A. Beyer"), however, found 
that the angle of rotation of the carvone from German oil is the 
same as that of caraway carvone and dill carvone. The amount 
of carvone in spearmint oil was found to be 56 p.c. by E. Krcmers 
and 0. Schreiner-’). According to H. Trimble") green mint oil 
contains a terpene boiling between 160 and 167.5", according to 
Beyer a lievogyrate hydrocarbon that boils between 168 and 171’. 
). W. Briihl’) infers the presence of rf-pinene from the state¬ 
ments of ■ Gladstone. According to F. B. Power") the oil con¬ 
tains \-limonene and probably \-pinene. 

While preparing /-carvone from a spearmint oil of unknown 
source, F. Elze") obtained a by-product which possessed a more 
intense spearmint-like odor than the original oil. This waste 
oil had the following properties: dj,,.0.917; (( --28°0'. It con¬ 
tained 18 p.c. ester computed as acetate of dihydrocuminic alcohol. 
Distilled fractionally, the lowest portion was found to contain 
l-phellandrene (m. p. of nitrosite 105 to 105.5"). One fraction 
which had a decided spearmint odor was saponified. In the lye 
acetic and valeric acids were shown to be present. Of the 
alcoholic portion 15 p.c. consisted of dihydrocuminic alcohol 

*) journ. f. prakt. Chem. Ift (1838), 163. — Liebig's Annalen 82 (1839), 286. 

") )ourn. Chem. Soc. 25 (1872), 1 etseg.-, |ahresber. d. Chem. 1872, 816. 

') Berl. Berichte 9 (1876), 473. 

') Arch, der Fharm. 221 (1883), 283. 

") Pharm. Review 14 (1896), 244. 

") Am. |ourh. Pharm. 57 (1885), 484., 

’) Berl. Berichte 21 (1888), 156. 

") Descriptive Catalogue of Essential Oils. Published by .Fritzsche 
Brothers. New York 1894, p. 33. 

") Chem. Ztg. 34 (1910), 1175. 
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(di.,,0.9539; « —30’15'; m. p. of naphthylurethane 146 to 147°), 
which, upon oxidation with Beckmann’s mixture, yielded an 
aldehyde (m.p. of semicarbazone 198 to 199°) and an acid melting 
at 132 . Upon saponification of the fraction the typical spearmint 
odor disappeared. Hence Elze regards the acetate of dihydro- 
cuminic alcohol as the characteristic odor bearer of the oil ‘). 

E. K. Nelson -) has examined an authentic American spearmint 
oil which had been distilled in Michigan from selected material. 
d.s: 0.9290; (W -52.16°; n,,,,,. 1.4866; E. V. 12.4; E.V. after 
acetylation 36.4; soluble in an equal volume of 80 p.c. alcohol. 
It contained about 66 p.c. carvone. In the non-carvone-containing 
oil Nelson proved the presence of phellandrene (nitrosite) and 
\-limonene (nitrosochlpride; m.p. of carvoxime 71 to 72°). 

The American oil did not, however, contain the acetate of 
dihydrocuminic alcohol, which Elze regards as the bearer of the 
spearmint odor, but the acetate of dihydrocarveol. This alcohol 
Nelson isolated from fraction 100 to 150° (10 mm.) of the sapon¬ 
ified oil. With phthalic acid anhydride the alcohol reacted but 
imperfectly. Its isolation succeeded better by heating with suc¬ 
cinic acid anhydride to 125 ’. The dihydrocarveol was identified 
by means of its constants, also by oxidation to dihydrocarvone 
(m.p. of semicarbazone 200 to 201 when quickly heated; m.p. 
of .oxime 88 to 89°). The acetate of dihydrocarveol had a spear¬ 
mint-like odor. 

In addition to acetic acid and probably butyric, capronic and 
capryiic acids, the oil contained 0.1 p.c. of a solid acid melting 
at 182 to 184° which Nelson also found in several other spear¬ 
mint oils. 

According to H. HaenseH), German /^rauseminzoi contains 
dipentene and eineol. 

As found by Schimmel § Co.^), Russian oil consists for the 
most part, namely, 50 to 60 p.c., of VHnaiooi. Fraction 196 to 


*) H. Walbaum and 0, Huthig ()ourn. f. prakt. Chem. 71 [1905], 472) have 
previously .called attention to the strong spearmint-like odor of this ester. 
According to A. Blumann and 0. Zeitschel (Berl. Berichte' 47 [1914], 2623) 
carveol acetate also has a pronounced spearmint-like odor. 

*) U- S. Dep. of Agriculture, Bureau of Chem., Circular Mo. '92. 

=) Chem. Zentralbl. 1907, I. 1332. 

*) Report of Schimmel S Co. April 1S9S, 46. 
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200" had an optical rotation of ((„— 17°37' and upon oxidation 
yielded citral (m.p. of citrylnaphthocinchoninic acid 197'’). Fraction 
170 to 175" («„ 24"54') which constituted about 20 p.c. of the 

oil yielded with iodol a crystalline addition product melting at 
113", hence contained cineol. In addition it yielded a nitroso- 
chloride melting at 100", the formation of which is in all pro¬ 
bability attributable to VUmonene. The highest boiling fraction 
yielded the characteristic carvone hydrosulphide which melted at 
210 to 21 r (Ml,,;, in 5 p.c. chloroform solution - 36"0'). The 
amount of Vearvone in the Russian oil is estimated at 5 to 10 p.c. 

826. Oil of Mentha silvestris. 

At the request of Prof. Tschirch, of Bern, Schimmel S Co.‘) 
distilled the dry herb of Mentha silvestris, L. and obtained a 
small amount of oil with a yield of 0.9 p.c. It was light yellow 
and had a stale, slightly minty odor, d^. 0.9852; «„ —132" 52'; 
n„.,„„ 1.46856. 

An oil distilled from Mentha silvestris, L. in Cyprus had been 
sent to Schimmel 8; Co.-') by the Imperial Institute in London. It had 
the following properties: d,s. 0.9701; «„-l-3r30'; n„.^„» 1.49544; 
A.V. 2.4; E.V. 20.9; E. V. after acetylation 171.4; soluble in 3 vol. 
of 70 p.c. alcohol, the dilute solution showing slight opalescence; 
the odor was slightly minty and the color yellow. The saponifi¬ 
cation number 171.4 after acetylation, which (computed as men¬ 
thol) would correspond to 54.8 p.c., can in no wise be regarded 
as a criterion, for the oil contains but little of menthol. The 
minty odor is due, in the first place, to pulegone, of which 40 p.c. 
are present (separated by means of neutral sulphite). In addition 
a phenol, presumably carvacrol, was shown to be present. Hence 
it may be assumed that this is esterified, hence increases the 
acetylation value. On account of the simultaneous presence 
of menthol, pulegone, and a phenol, the oil cannot be used in 
place of peppermint oil, pennyroyal oil, or origanum oil. 

In connection with another Cyprus oil, also said to have 
been distilled from Mentha silvestris, the Imperial Institute*) 


Report of Schimmel 5 Co. April 1918, 74. 
*) Ibidem April 1910, 123. 

») Bull. Imp. Inst. 11 (1913), 432. 
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determined the following constants: d^,. 0.9687; «„ f3r.58'; 
S. V. 24.9; S. V. after acetylation 175.5; soluble in 2.5 vol. and 
more of 70 p.c. alcohol. 

These two Cyprus oils appear to have been identical. Whether 
they were distilled from Mentha silvesfn's, however, remains 
doubtful in the light of a comparison of their constants with 
those of the oil distilled from material identified botanically. 

827. Oil of Mentha rotundifolia. 

A sample of Algerian oil of Mentha rotundifolia, L. that had 
been sent to Schimmel 8; Co.‘) had a dark orange-yellow color 
and a musty, faint yet somewhat pungent odor that reminded but 
slightly of spearmint oil. d.^. 0.9777; <(„ - 37"30'; n,j.,„. 1.49471; 
A. V. 1.5; dv. 71.2; E. V. after acetylation 209. The oil was 
miscible in all proportions with 90 p.c. alcohol and was soluble 
in 1 vol. of 80 p.c. alcohol; however, upon dilution the oil became 
decidedly turbid and oily drops separated. 

828. Perilla Oil. 

Origin and Properties. Perilla nankinensis, Decne. (Perilla 
arguta, Benth.; Ocinium crispum, Thunb., Labiatae) is known 
in Japan as Shiso and its leaves are used as vegetable and 
spice. It contains a volatile oil, a sample of which had been 
sent to Schimmel 8; Co.-) from Yokohama. It was limpid, light 
to greenish in color, with a peculiar odor reminding of hay; 
yellow dj„. 0.9265; — 90°; n„.,„. 1.49835; soluble in 0.3 vol. 

and more of 90 p. c. alcohol, the diluted solution showing 
opalescence. 

Composition. The oil reacted with both acid and neutral 
sulphite. By this means 50 p.c. of an aldehyde could be isolated, 
the odor of which bore some resemblance to that of cuminic 
aldehyde. Nevertheless, it was quite distinct, as had become 
apparent from the fact that it reacted with neutral sulphite. In 
connection with a sample that had been purified by means of the 
sulphite compound and had been distilled, first with steam and 


*) Report of Schimmel 6 Co. April 1IW7, 107. 
*) Ibidem October 1910, 146. 
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then in vacuum, the following constants were determined; b.p. 91° 
(4.5 mm.), 104° (9 mm.), 235-to 237° (750 mm.); d^,,, 0.9645; 
djj,, 0.9685; —146°; [«]„ —150.7°; nj 3 ,„J.50693. The oxime, 

which likewise was tevogyrate, had a melting point of 102°, the 
phenylhydrazone melted at 107.5°. Both moist silver oxide and 
Beckmann’s chromic acid solution oxidized it to the correspond¬ 
ing acid. This was almost insoluble in water and readily soluble 
in mostly all organic solvents. Recrystallized from dilute alcohol 
it resulted in white, shiny scales that melted at 130°. 

This "perilla aldehyde’* was later on investigated by F. 
W. Semmler and B. Zaar’) who recognized in it a dihydrocuminic 
aldehyde C,„Hi 40 with the following constants: b.p. 104 to 105° 
(10 mm.); d^. 0.9617; [«]„--146’; n„ 1.50746; mol. refr. found 
46.40, computed for Cj„H,,0/2 45.52. The semicarbazone re¬ 
crystallized from alcohol, melted at 199 to 200°. 

By reduction with zinc dust in glacial acetic acid the cor¬ 
responding perilla alcohol, CioH,„0, was obtained: b.p. 119 to 
121° (11 mm.); d,„,0.9640; —68.5°; n„ 1.49964. Its acetyl 

ester boiled at 123 to 126° (13 mm.); dj^, 0.9785; [a],,-—48°; 
nj, 1.48142. The chloride of perilla alcohol had the following 
properties: b.p. 99 to 101° (12 mm.); d^^. 0.9861; [«]„ — 60°; 
Op 1.49728. Reduced with sodium and alcohol, the chloride yielded 
limonene ([a],,- 51.5°; m.p. of the tetrabromide 104 to 105°). 
Heated with acetic acid anhydride and sodium acetate, the perilla 
aldoxime yielded perillfc acid riitrile (b.p. 116 to 118" under 11 mm. 
pressure; d^^,, 0.9439; [a]u —115°; Uj, 1.49775). The corresponding 
perillic acid showed the following properties: m.p. 130 to 131° 
(recrystallized from dilute alcohol); b. p. 164 to 165° (10 mm.); 
[o]jj_20°; (in 25 p.c. alcoholic solution), m.p. of dibromide 
166 to 167°. 

From the foregoing data it becomes apparent that the perilla 
aldehyde has the same configuration as limonene and that a 
reducible double linkage is in neighboring position to the aldehyde 
group. As a matter of fact, the reduction of perillic acid, in 
amyl alcoholic solution with sodium, yielded dihydroperillic acid, 
CjnHi.Oj; m.p. 107 to 109°; b.p. 152 to 153° (10,5 mm.); [ef]n + 0°; 
m.p. of dibromide 116 to 117°. The methyl ester boiled between 


, •) Berl. Berichte 44 (1911), 52. 
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105 and 106° (11 mm.); 0.9732; n„ 1.46768. Upon reduction 

of the ester with sodium and alcohol in the customary manner, 
Semmler obtained dihydroperilla alcohol, b.p. 114 to 115° 

(10mm.); d,,.0.9284; n.,1.48191. The alcohol has a 

pleasant rose-like odor. 

According to this investigation, perilla aldehyde is to be 
regarded as 1-methylal-4-/sopropenyl hcxene-1. 


C-CHO 
\CH 
H,C'\ /CH., 
CH 

HjC CH., 
Perilla aldehyde. 


CCH.,OH(CHXl) 

h,,c,^Nch 

CH 

/^\ 

HX CH., 

Perilla alcohol (chloride). 


CH COOH(CHXH) 

HXi-^.CH, 

HX\/CH., 

CH 

/K- 

H,,C CH., 

Dihydroacid. (Dihydroalcohol.) 


C CH„ 

H,C|^Vh 

CH 

/^\ 

HX CH., 

Limonene. 


829. Oil of Mosla japonica. 

The herbaceous labiate Mosla japonica, Maxim., indigenous 
to japan, yields, according to Shimoyama'), 2.13 p. c. of oil 
computed with reference to the dry herb. It is brownish-red, 
lavogyrate and has a specific gravity of 0.820 (?). It contains 
44 p.c. of thymol. Fraction 170 to 180° probably contains cymene. 

Y. Murayama''*), who examined the oil more recently, obtained 
2 p. c. of oil which contained, not thymol, but carvacrol, also cymene. 

These two constituents, namely, carvacrol and yo-cymene, were 
also found by Murayama and Nara”), who also found u-pinene. 

‘) Apotheker Ztg. 7 (1892), 439; Jahresb. f. Pharm. 1892, 465. 

*) journ. Pharm. Soc. of japan 1909, November Mo.; Pharm. Zbntralh. 51 
(1910), 35. 

“) jourji. Pharm. Soc. of Japan 1912; Chemist and Druggist 82 (1913), 19. 

CiLDfiMtisTER, The volatile oils. in. 36 
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830. Oil of Eisholtzia cristata. 

Y. Asahina and Y. Murayama') have distilled and examined 
the oil of Eisholtzia cristata, Willd., a labiate which was formerly 
employed as an antipyretic and diuretic but which is now classed 
with the obsolete remedies. The dry herb yielded 2 p.c. of a 
yellowish volatile oil which became brown and which had a 
peculiar odor, d,,,., 0.970; «j,— 2.7°; A. V. 0; S. V. 1.8; S. V. after 
acetylation 14.7. It boiled for the most part between 210 and 
215°. Neither shaking with alkali nor with bisulphite solution 
removed any appreciable portion of the oil. When heated with 
hydriodic acid methyl iodide was obtained. With semicarbazide 
hydrochloride a semicarbazone, m. p. 171°, was obtained; with 
hydroxylamine hydrochloride an oxime melting at 54°. The ketone 
recovered from these derivatives is a colorless, mobile oil, with 
a peculiarly aromatic odor, which boils at 87 to 88° (10 mm.), 
or 112° (31 mm.) or 210° (764 mm.); d.,„,.0.9817; k^ + O"; n„.,„. 1.48424. 
The authors name this ketone Eisholtzia ketone. It has the 
empirical composition Reduced with zinc amalgam and 

hydrochloric acid according to Clemmensen it afforded a poor 
yield of a compound which no longer gave a semicar¬ 

bazone. Oxidation with potassium permanganate resulted in 
/sovaleric acid which was characterized by the analysis of its 
silver salt and conversion into /sovalcryl anilide (m.p. 115°). By 
the action of amyl nitrite and sodium on Eisholtzia ketone, 
Eisholtzia acid C„H„Oj, m.p. 134° resulted. Eisholtzia ketone 
appears to be a furane derivative, possibly of the formula 

‘-*n.,U\^;OCH.,CH(CH3)„. 

831. Patchouly Oil. 

Oleum Foliorum Patchouli. — Patchoullol. — Essence de Patchouli. 

Origin, A number of tropical labiates possess a characteristic, 
patchouly-like odor. All of these are used in the dried condition 
by the natives for perfuming carpets, shawls and other textiles, 
also for keeping insects out of clothes, but only a few are used 
for the production of the volatile oil. 


‘) Arch, der Pharm. 252 (1914), 435. 
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105 and 106° (11 mm.); 0.9732; n„ 1.46768. Upon reduction 

of the ester with sodium and alcohol in the customary manner, 
Semmler obtained dihydroperilla alcohol, b.p. 114 to 115° 

(10mm.); d,,.0.9284; n.,1.48191. The alcohol has a 

pleasant rose-like odor. 

According to this investigation, perilla aldehyde is to be 
regarded as 1-methylal-4-/sopropenyl hcxene-1. 


C-CHO 
\CH 
H,C'\ /CH., 
CH 

HjC CH., 
Perilla aldehyde. 


CCH.,OH(CHXl) 

h,,c,^Nch 

CH 

/^\ 

HX CH., 

Perilla alcohol (chloride). 


CH COOH(CHXH) 

HXi-^.CH, 

HX\/CH., 

CH 

/K- 

H,,C CH., 

Dihydroacid. (Dihydroalcohol.) 


C CH„ 

H,C|^Vh 

CH 

/^\ 

HX CH., 

Limonene. 


829. Oil of Mosla japonica. 

The herbaceous labiate Mosla japonica, Maxim., indigenous 
to japan, yields, according to Shimoyama'), 2.13 p. c. of oil 
computed with reference to the dry herb. It is brownish-red, 
lavogyrate and has a specific gravity of 0.820 (?). It contains 
44 p.c. of thymol. Fraction 170 to 180° probably contains cymene. 

Y. Murayama''*), who examined the oil more recently, obtained 
2 p. c. of oil which contained, not thymol, but carvacrol, also cymene. 

These two constituents, namely, carvacrol and yo-cymene, were 
also found by Murayama and Nara”), who also found u-pinene. 

‘) Apotheker Ztg. 7 (1892), 439; Jahresb. f. Pharm. 1892, 465. 

*) journ. Pharm. Soc. of japan 1909, November Mo.; Pharm. Zbntralh. 51 
(1910), 35. 

“) jourji. Pharm. Soc. of Japan 1912; Chemist and Druggist 82 (1913), 19. 

CiLDfiMtisTER, The volatile oils. in. 36 
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6. Microt^na robusta. Hems), supplies the Chinese patchouly, 
which up to the present time has not entered European commerce. 
The plant is indigenous toSzetchuan, but also occurs in Kwangtung'). 

From which plant the wild patchouly of New Guinea (sec 
p. 571)®) is obtained is not known. 

Cultivation and distillation. Concerning the cultivation and 
distillation of patchouly in Singapore, ). Ficher, who formerly 
had a patchouly distillery, makes the following statements'): 

The Dhelum Wangi of the natives {Pogostemon Patchouli, 
Pell.) is cultivated by the natives on suitable land along the coast. 
Inasmuch as the cultivated plant does not flower, it is reproduced 
by cuttings. Until these have produced roots they are protected 
against the sun by pieces of cocoanut shells. The harvest is 
conducted during dry weather. The green parts of the plant are 
cut, the dead leaves and stems are discarded, and the good leaves 
dried under shelter on bamboo trays so that the air can pass 
through from underneath. In order to effect the drying as rapidly 
as possible the leaves are turned frequently. When the leaves 
are almost dry and contain only enough moisture to admit of 
slight fermentation, they are piled and allowed to warm slightly. 
After that they are again spread out and allowed to dry completely. 
The addition of 25 p.c. of wild patchouly, Dhelum Outan, is said 
to improve the fragrance of the distillate. 

The distillation is so conducted that the steam generated 
in a separate boiler is conducted into the still charged with 
leaves. The pressure of the steam should not exceed 1 '/a atmo¬ 
spheres. If these conditions are maintained, the yield amounts 
to about 1.5 p.c. Steam under greater pressure is said to yield 
somewhat more, but also to diminish its quality. The stills are 
sometimes covered with a poor conducting coating so as to 
prevent condensation of the steam at the beginning of the 
operation'*). •— 

') E. M. Holmes, Perfum. Record 4 (1913), 369 to 371, 418 to 420. — 
Comp, also Pharmaceutical Jourir. 56 (1896), 222 j 80 (1908), 349. 

•) P. Preufi, Berichte d. deutsch. pharm. Ges. 19 (1909), 25. 

') Sawer, Odorographia. Vol. I, p. 297. 

*) Additional information about the cultivation and distiilation of 
patchouly in the Malaca penitisula is supplied by Wray, Curator of the Govern¬ 
mental Museum at Perak, in the Kew Bulletin for |une, 1889. This is reprinted 
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From another distillery in Singapore it is reported that the 
distillation of a charge requires 36 hours and that the same 
material is distilled three times thus attaining a yield of 2.6 p.c. 
In Europe, where possibly the bulk of the patchouly oil used 
exclusively in perfumery, is produced, a yield of up to 4 p.c. is 
obtained because of the improved distilling apparatus used. 

The output of a month’s harvest in the Straits Settlements 
is estimated at 600 to 700 piculs . 35000 to 40000 kg. of 

patchouly herb’'). Three harvests are gathered annually”). 

It is noteworthy that the patchouly leaves contain acetone'), 
hence it must be contained in the aqueous distillate. 

Investigation of the influence of the stage of development 
and of the fermentation of the ieaves on the oily distillate. In 

order to place the arbitrary methods of harvest and di.stilla- 
tion, as practiced in the tropics, on a more scientific basis, 
A. W. K. de long"), of Buitenzorg (java), investigated the oil 
content of the patchouly plant in its various stages of growth 
for the purpose of ascertaining the best time for harvesting. 
With this end in view comparative water distillations were 
carried out with material representing different stages of growth; 
thus e. g. all first leaves from the tops were distilled together, 
also the second pairs of leaves, the third, the fourth, etc. Both 
weight and number of leaves were determined. Other parts of 
the plant were also investigated as to their oil content in order 
to ascertain whether their distillation was profitable or not. 
De Jong found that both so far as the genuine Singapore as 
well as the java patchouly plants are concerned, the oil resides 
principally in the first three pairs of leaves, /. e. in the most 

in the detailed chapter of Sawer’.s Odorographia, vol. 1, p. 293 to 308. Comp, 
also Holmes, /oc. cit. and P. Serre, )ourn. d’Agriculture tropicale t> (1905), 
369; Report of Schimmel 5 Co. April IWOG, 49. Furthermore; W. R. Tromp de 
Haas, Teysmannia 15 (1904), 474; Berichte fiber die pharmak. Lit. aller LSnder 
IfMfi, 69. 

') Bull, de la chambre d'Agricult. de la Cochinchine 10 (1907), 37. 

■) Berichte von Roure-Bertrand Fils October 190(1, 37. 

”) Ibidem April 1902, 38. 

‘fVerslag Plantentuin Buitenzorg 1894, 43. 

°) Teysmannia 1900 and 1909. — Comp, also by the same author: 
L’huile essent/eUe de patchouli, Recueil trav. chim. des P,-B. 24 (1905), 309; 
Chem. Zentralbl. 1905, II. 1180. 
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recently developed ones. After that the oil content remains 
constant even though the leaves increase materially in weight. 
Hence it is recommended to cut the plants after five pairs of 
leaves have developed. Moreover, the leaves alone should be 
distilled since the handling of the stems is not profitable because 
of their slight oil content. 

So far as fermentation is concerned, it was shown that 
a variation in the treatment of the leaves before distillation 
produces different results in the several varieties. Whereas the 
oils from fresh, dried and fermented materials varied but little 
so far as Singapore leaves are concerned, the difference in 
treatment of Java leaves had a decided influence on the character 
of the oil, as is revealed in the following table; — 



Condition 


. .. . 







No. 

of the 
leaves. 1 

Color. 

Odor. 


"d 

npjo® 

A.V. 

E.V. 

Solubility in 

90 p. c. alcohol 




I. Singapore Oils. 




1. 

1 fresh 

; 

i 1 

light 

yellow 

faint 

0.9ti55 

* 

-5ic>18' 

1.50820 

1.5 

2.0 

sol. in 0.8 vol., the 
addition of from 1.5 
to 5 vol. first causes 
turbidity, then the 
sol. becomes clear 


j 

patchouly 

odor 






again. 

2 . 

dry 


0.9587 

-500 58' 

t.5076S 

— 

1.1 

sol. m 6 to 7 vol. 


1 1 








a. m. 

3. 

' fermented : 



0.9628 1 - 52^23' 

1.50784 

0.9 

1.5 

sol. in 7 vol. a. m. 





II. lava Oils. 




4. 

fresh 


tcrpcnc'Iike 

0.9344 

-15° 20' 

1.50050 

0.8 

Q 9 

sol. in 0.3 vol. a. m. 
(sol. in abt. 10 vol. 










a. m. of 85 p.c. 










alcohol). 

5. 

fresh 1 


faint 

0.9450 

-15° 20' 

1.50483 


5.8 

sol. in 0.6 vol. a. m. 




patchouly 






(not sol. in 10 vol. 



tight 

yellow 

odor 






of ii&p.c. alcohol). 

6. 

dry 1 

calamus* 

like 

0.9168 

+ 30 15' 

1.50030 

- 

6.1 

.sol. in abt. 10 vol. 
a. m. 

7. 

slightly 1 


calamus* 

0.9229 

+ 2»32' 

1.50058 

0.8 

4.9 

sol. in abt. 10 vol. 


fermented ; 


like 





with separation of 










paraffin. 

8 . 

stronslv 1 


faint 

0.9210 

- 0i>26’ 

1.50207 

_ 

5.0 

sol. in 8 vol. a. m. 


fermented ! 


patchouly 










odor 








With the exception of minor differences, the Singapore oils 
Nos. 1 to 3 agree very well among themselves and correspond 
with the Straits Settlements oils, with the exception that their 
odor is much weaker. From the more ready solubility of the 
oils distilled from fresh material it may possibly be concluded 
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that during the process of drying and fermenting difficultly 
soluble products are formed which pass over into the distillate. 
The other oils distilled from (ava leaves not only differ greatly 
from the ordinary patchouly oils, but differ greatly among 
themselves according to the method by which the material had 
been prepared for distillation. The weak, but distinctly patchouly- 
like odor of the oil No. 5 obtained from fresh leaves (it is 
noteworthy that oil No. 4 had an odor that was but little 
pronounced) acquires a calamus-like odor when the leaves 
are but slightly fermented during the process of drying and 
becomes patchouly-like once more if the leaves are more strongly 
fermented. After the oils had stood for several months, these 
differences were no longer as pronounced as in the beginning. 
The optical rotation also is influenced by the drying and 
fermentation. At first it is changed to slightly dextrorotation, 
only to become slightly Isevorotatory once more upon stronger 
fermentation. 

Previous to distillation the stems were removed, .since they 
contained but little oil. For purposes of drying the leaves were 
spread out in a shady place in layers 5 cm. in thickness. They 
were turned daily until they were completely wilted and brittle. 
For purposes of fermentation de )ong allowed the leaves to 
become half-dry and then piled them in heaps which were 
covered by a tetampa, a matting of bamboo which was weighted 
down with stones. The leaves were mixed thoroughly each day 
so as to insure an equal fermentation throughout. The process 
was continued until the temperature within the mass of leaves 
was no higher than the surrounding temperature. Varying 
according to the degrees of moisture in the leaves, the highest 
temperature ranged between 35 and 52°. A mouldy odor which 
almost always resulted was removed by spreading out the leaves 
for several days after the fermentation was over and before the 
distillation was begun. 

The distillation was carried out with steam under 3 to 4 
atmospheres pressure, in all cases after distillation the leaves 
were pressed, to remove water, dried and again distilled. The 
yield of oil from fresh leaves was much smaller than that from 
dried and fermented leaves. The following yields were obtained 
from the Java leaves: — 
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Condition 
of leaves. 

Amount of fresh mateiial 
worked up. 

1. Distillation. 

2. Distillation. 

Total. 

fresh . . . 

70 kg. 

38 ccm. 

t14 ccm. 

152 ccm. 

fermented 

70 „ 

375 „ 

30 

405 

dried . . . 

70 „ 

300 „ 

49 „ 

409 „ 

,1 . . • . 

70 „ 

315 „ 

69 „ , 

384 „ 

fermented 

70 „ 

350 „ 

28 

378 „ 

•1 

70 „ 

359 „ 

28 „ . 

387 „ 


From the above data it becomes apparent that the distil¬ 
lation of fresh leaves is entirely irrational, for they yield but 
little oil. Most of the oil was obtained from the second distil¬ 
lation, /'. e. after the leaves had been dried after the first distil¬ 
lation. Much larger yields are obtained, on the other hand, 
from dried and fermented leaves. The first distillation yields 
almost the entire oil and the second distillation yields relatively 
little oil. The total amount of oil is approximately the same 
whether the distillation be begun with dried or fermented leaves. 

The situation is much the same with Singapore leaves. 
From 24 kg. of leaves in the fresh condition a first, single 
distillation yielded 20 cc. of oil, after drying, however, 77 cc., 
and after fermentation 86 cc. The fact that the total yield is 
lower is due to the circumstance that steam of but one atmo¬ 
sphere pressure was employed during the distillation. 

The large difference in the yield obtained from fresh leaves 
on the one hand and from dried and fermented leaves on the 
other hand is attributed to the distribution of the oil cells') 
within the leaf, some being near the surface, others more remote 
therefrom. The fresh leaves give up the oil from the surface 
cells only. The wilting brought about by drying and fermentation 
causes the cell membrane to become mord perishable so that 
the oil from the more deep-seated cells also can be separated 
by distillation. A subsequent formation of oil during the process 
of drying and fermentation does not take place, nor does the 
fermentation produce any oil, for the dried leaves yield as much 
oil as do the fermented ones. 

') As to the location of the oil glands see H. Paschkis, Zeitschr. d. 
allg. dsterr. Apoth. Ver. 17 (1879), 415; Pharmaceutical )ourn. III. 11 (1881), 
813 and Fritz Mayer, Systematisch-anatomische Untersiichung der Pogo- 
stemonea;, f(eichenb., unter besonderer Berucksiebtigung der inneren DrOsen 
von Pogostemon und Dysophy//a sowie der Patschuli-Droge. Inaug.-Bissert. 

• Erlangen 1909. 
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In harmony with these views is the fact that the yield 
from fresh leaves is increased with the increase in pressure of 
the steam employed. De )ong assumes that with the increased 
.steam pressure a larger number of cell walls are ruptured thus 
setting free more oil. These experiments also demonstrated 
that previous comminution of the fresh leaves greatly increased 
the yield of oil. Enzyme action does not come into consideration, 
for de )ong obtained the same results with leaves previously 
dipped into boiling water. 

In this connection the petioles and, the roots were examined 
as to their oil content. That of the former is very small, that 
of the latter somewhat larger. The root oil was heavier than 
water, hence has a different composition than that of the leaf oil. 

Adulteration of Patchouli Leaves. Inasmuch as the leaves 
may be grossly adulterated, purchases should be made with 
care. Most common is an admixture of the leaves of Ocimuni 
BasiUcum, L. var. pilosum (family Labiatai) known as Ruku 
by the Malays. The difference in their odor is entirely covered 
by contact with patchouly leaves. Frequently also the bales 
contain the leaves of Urena lobata, L. var. sinuata (family 
Malvaceae), which grows as weed in the cocoanut plantations 
and which the Malays call Perpulut. Furthermore, the leaves 
of fiyptis suaveolens (see p. 573), Plecfranthus fruticosus, Lam., 
Lavatera Olbia, L and of Pavonia Weldenii'), arc mentioned 
as adulterants. 

In addition to these foreign leaves, which sometimes con¬ 
stitute 80 p.c. of the patchouly bales, as much as 50 p.c. of 
sand and soil and up to 35 p.c. of moisture have recently been 
observed. 

Properties. In a general way three different types of pat¬ 
chouly oils may be differentiated. 1. Oils distilled in Europe 
from dry leaves. They constitute the bulk of the patchouly oil 
of commerce. 2. Oils distilled in Singapore. 3. Oils distilled 
from java leaves including the dilem oils. 

As already explained, patchouly oils are distilled from leaves 
obtained from different plants. A botanical determination of 
pressed material is therefore rather difficult. Hence the material 


‘) See footnote on p. 568. 
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distilled may be mixed, so that the constants recorded herewith 
are not necessarily those of unmixed leaf varieties. 

1. The oil distilled in Europe from dry Singapore leaves is 

a yellowish or greenish-brown, occasionally dark brown, very 
viscid liquid from which crystals sometimes separate upon 
standing. The odor of the oil is intense, persistent and pene¬ 
trating. djj. 0.966 to 0.995; —50 to - 71°; n,,,,,. 1.507 to 1.513; 

A.V. up to 5; E.V. 2 to 12. Mostly soluble in 0.5 to 1.5 vol. 
of 90 p.c. alcohol, the addition of more solvent occasionally 
causing temporary turbidity. Some oils dissolve only in 4 to 
6 vol. of solvent^). 

2. Imported Singapore oils. These are mostly of a lighter 
color and their odor is less intense than that of the preceding 
oils. d,,„ 0.960 to 0.980; «i, —47 to - 61"; n„.,„. 1.508 to 1.512; 
A. V. up to 1; E. V. 1.5 to 7; some oils soluble in 0.5 to 1 vol. 
of 90 p.c. alcohol, mostly, however, in 5 to 8 vol. or even more 
difficultly soluble. 

3. )ava Patchouly oils. These oils which are also designated 
dilem oils, are characterized generally by a much fainter odor 
which is almost calanius-like, a lower Isevorotation or rarely 
a slight dextrorotation, a lower specific gravity, and a lesser 
solubility. Whether the oils had been obtained from the flower¬ 
ing or non-flowering Java variety could not be ascertained. In 
the material distilled by Schimmel 8; Co. during the past ten 
years flowers were never found, dj^. 0.925 to 0.935; «j, -)-3"15' 
to -32 17'’=); A.V. 1 to 4; E.V. 6 to 18; soluble in 6 to 8 vol. 
and more of 90 p.c. alcohol. Other constants are recorded 
on p. 566. 

•) In connection with 1912 Penang leaves, M. Lehmann [Chem. Ztg. Si 
(1913), 1589] observed deviations to the extent that the oils showed a lower 
specific gravity, a lower rotation and a poorer solubility than is otherwise 
the case. The density was as low as 0.95, the optical rotation as low as 
— 42°. Two of these oils which possessed an especially fine aroma, had 
even lower values: d 0.935 and 0.937; «£> —9 and —34°. Of 90 p.c. alcohol 
many of the oils required about 6 vol. to effect a clear solution. The yield, 
likewise, was poorer and in some instances amounted to but 2 p.c. An oil 
with a similar rotation (hd— 43°31') from Perak is described in Bull. Imp. 
Inst. 3 (1905), 230. 

”) Comp. Verslag Plantentuin Buitenzorg 1893, 55.—Report of Schimmel 
h Co. November 1908, 95. — Berichte von Roure-Bertrand Fils April 1910, 64. 
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An oil distilled from java leaves by Schimmel 8( Co. had 
the following properties: d,r,. 0.9665; —53°56'; 1.50939; 

A.V. 1.8; E.V. 2.0; soluble in 1 vol. of 90 p.c. alcohol. 

Certain similarities with this oil were .shown by an oil 
distilled from Sumatra dilem leaves. It had the following proper¬ 
ties: dj,. 0.9659; «„-5n6'; A.V. 5.1; E.V. 2.7; soluble in 
about 10 vol. of 90 p.c. alcohol, judging from the constants 
of these two oils, the Singapore variety may be regarded as 
the botanical source. 

An oil distilled in Mew Guinea from wild patchouly plants 
with a yield of 3.75 p.c., also a distillate from Mayotte*), were 
examined by Schimmel 8; Co.^) and found to possess normal 
properties. 

Composition. Although the oil has been examined a number 
of times little is as yet known concerning the substances that 
are the bearers of the characteristic odor. 

Patchouly alcohol, formerly known as patchouly camphor, 
occasionally separates from the oil after long standing, hence 
first attracted the attention of chemists. H. Gal*) proposed the 
formula Cjf,H„„0, but ). de Montgolfier*) found that its com¬ 
position is more correctly expressed by the formula C, 5 H.j„ 0 . 
0. Wallach-’) introduced the more rational designation patchouly 
alcohol. 

•^Patchouly alcohol, Cj5H.j„0, crystallizes in transparent, 
water-white, hexagonal prisms topped with six-sided pyramids. 
It melts at 56" and is strongly Isevogyrate: [«]„ in the fused 
condition —US"*), in chloroformic solution —97°42'*). The 
elements of a molecule of water are so loosely combined that 
such dehydrating agents as hydrochloric acid, sulphuric acid 
and acetic acid anhydride remove them in the cold, and potas¬ 
sium bisulphatc and zinc chloride upon heating. A hydrocarbon 
C,„H., 4 , named patchoulene results. Its odor is cedar-like. It 
boils’at 254 to 256°; d„,. 0.939*); d„. 0.9334; 36’52'"). 


*) Report of Schimmel S Co. April IDOS, 121. 

*) Ibidem April 1909, 76. 

*) Compt. rend. «8 (1869), 406; Liebig’s Annalen 150 (1869), 374. 
*) Compt. rend. 84 (1877), 88. 

*) Liebig’s Annalen 879 (1894), 394. 

'■) Report of Schimmel S Co. April 1904, 71 to 75; April 1905, 61. 
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The compounds resulting by the replacement of halogen for 
the hydroxyl in patchouly alcohol are exceedingly unstable and 
split off hydrohalogen. The entire behavior, of patchouly alcohol 
indicates that the hydroxy group is in tertiary position. 

In an investigation of a larger amount of patchouly oil, 
Schimmel S( Co.') ascertained that 97 p.c. of the oil consists 
of substances that are valueless so far as its odor is concerned. 
About 40 to 45 p.c. boils between 260 and 280" and consists 
principally of several sesquiterpenes. The balance of the 97 p.c. 
is patchouly alcohol. 

The following substances have been identified; traces of 
benzaldehyde (m.p. of semicarbazone 214°); eugenol (m.p. of 
benzoate 69 to 70°); cinnamic aldehyde (m.p. of semicarbazone 
208°); in fraction 54 to 95" (4 mm.) an alcohol with a pleasant 
rose-like odor; also a ketone (m. p. of semicarbazone 134 to 135") 
admixed with minimal amounts of one that resembled orris, as to 
odor; finally two bases. These basic substances wer|;present 
in all of the low and sesquiterpene fractions and imparted to 
them a benumbing odor. A part of the bases extracted from 
the oil with the aid of dilute sulphuric acid boiled from 80 to 
130°, another part between 135 and 140° (3 to 4 mm.). The 
lower boiling base formed a very hygroscopic hydrochloride 
melting indistinctly at 105 to 115° and a platinum salt melting 
at 208° which contained 35.9 p.c. C, 4.06 p.c. H, 26.94 p.c. Pt, 
and 5.36 p.c. M. 

The base boiling between 135 to 140" (3 to 4 mm.) yielded 
a hydrochloride that melted sharply at 147.5° to 148.5° and the 
analysis of which corresponded with the formula CnH.,.,NO-HCl. 
In harmony with this formula is the Pt content of the platinum 
double salt melting at 175", viz. 22.89 p.c. 

In the oil examined by him, Wallach found large amounts 
of cadinene (m.p. of dihydrochloride 117 to 118"). Neither 
Schimmel 8; Co. nor H. von Soden and W. Rojahn-) were able 
to identify this hydrocarbon in the oils examined by them. This 
leads to the supposition that the oil examined by Wallach was 
obtained from another plant. 

*) Report of Schimmel 6 Co. April 1904, 71 to 75; April 1905, 61. 

“) Berl. Berichte 37 (1904), 3354. 



Oil of Hyptis suaveolens. 


573 


By fractionation von Soden and Rojahn isolated from patchouly 
oil two sesquiterpenes: — 

1. B. p. 264 to 265° (750 mm.), 95 to 96° (3 to 4 mm.); 

d,5.0.9335; —58°45'. It added bromine and hydrogen 

bromide. When dry hydrogen chloride was passed into its 
ethereal solution an oily hydrochloride was obtained which could 
not be made to solidify. 

2. B. p. 273 to 274°; d,,, 0.930; a^, + 0"45'. In this case 
also a crystalline hydrochloride could not be obtained. 

In the highest boiling portions ). H Gladstone^) observed a 
substance passing over with blue vapors, the so-called azulene'‘) 
or coerulein that has been noted in other oils. 

832. Oil of Hyptis suaveolens. 

Hyptis suaveolens (L.), Poit.“) which occurs from Mexico 
to southern Brazil, likewise in the Philippines and Java, China 
and the East Indies, is occasionally used in the dry condition 
as an adulterant of patchouly leaves. 

From 200 kg. of this plant, which is known as, in the Tagal 
language, sub-cabayog in the Philippines, R.F. Bacon‘) obtained 
only 27 g. (0.0135 p.c.) of a greenish oil which had a decided 
odor of menthol. Further investigation revealed this substance 
as the principal constituent of this oil. The small yield of oil, 
however, precludes its distillation on a larger scale. 

To the natives of java the plant is known as daon neraekos 
oetan. Upon distillation in Buitenzorg, the, fresh herb yielded 
0.025 p.c. of an oil with the following properties: —16°18'; 
A.V. 0.7; S.V. 14; S.V. after acetylation 31.7. Aldehydes were 
not present'). 

An oil, probably from Hyptis suaveolens had previously 
been distilled in Buitenzorg. The fresh herb yielded about 1 p.c. 
«u-l°56'; S.V. 17"). 

*) lourn. Chem. Soc. 17 (1864), 3; )ahresber. d. Chem. 1808, 545. 

*) Comp, also de )ong, Recueil trav. chim. des P.-B. 24 (1905), 309; Chem. 
Zentralbl. 1905, II. 1180. • 

') Illustrated in the Berichf von Roure-Bertrand Fils April 1902, 36. 

*) Philippine )oum. of Sc. 4 (1909), A, 130. 

“) Jaarb. dep. Landb. in Med.-lndie, Batavia 1911, 47. 

«) Ibidem 1900, 46. 
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833. Oil of Hyptis spicata. 

The herb of Hyptis spicata, (Poit.) Briq., which grows 
abundantly in Florida, yielded upon distillation*) a very small 
amount (about 0.005 p.c.) of a light yellow oil with a faintly 
mint-like odor; d^,., 0.915; —27"25'; A.V. 2.17; E.V. 4.35; 

insoluble in 10 vol. of 80 p.c. alcohol. 

The odor would seem to indicate the presence of small 
amounts of menthone and pulegone. 

From the fresh leaves Th. Peckolf*) obtained 0.07 p.c. of oil. 

834. Oil of Hyptis Salzmanni. 

The fresh leaves of Hyptis Salzmanni, Benth. which frequently 
covers large areas in Brazil, yielded upon distillation 0.145 p.c. 
of an oil with an agreeable odor reminding of chamomile and 
balm“). d.,,,. 0.9018. 

835. Oil of Hyptis fasciculata. 

The fragrant leaves of Hyptis fasciculata, Benth., which 
likewise occurs in Brazil, have been used as tea in dyspepsia, 
also for aromatic baths. The fresh leaves yield 0.15 p.c. of a 
volatile oil d.,g. 0.903. The odor resembled that of a mixture of 
balm and origanum oils*). 

836. Oil of Peltodon radicans. 

The fresh leaves of Peltodon radicans, Pohl. yielded, upon 
distillation, 0.08 p.c. of a light yellow, fragrant oil. d^g. 0.890•''). 

837. Oil of i€olanthus suavis. 

The fresh leaves of ^lanthus suavis, Mart, which is a 
native of tropical East Africa, when cultivated in Brazil, yielded, 
upon distillation 0.16 p.c. of a volatile oil with an agreeable 
patchouly-like odor. d^g. 1.028"). 

*) Report of Schimmel h Co. April 1»04, 96. 

r*) Berichte d. deutsch. pharm. Ges. 14 (1904), 376. 

•■') Th. Peckolt, Berichte d. deutsch. pharm. Ges. 14 (1904), 377. 

*) Th. Peckolt, ibidem 379. 

“) Th. Peckolt, ibidem 375. 

") Th. Peckolt, ibidem 374. 
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838. Oil of Sweet Basil. 

Oleum Basilicl. — Baslllcumiil. — Essence de Basilic. 

Origin. In commerce two oils are distinguished, the ordinary 
oil of sweet basil and that from Reunion. In addition, oils have 
been obtained occasionally from not well defined varieties which, 
however, have not acquired any importance. Unfortunately the 
nomenclature of the several varieties of Ocimum Basilicuin, L. is 
extremely complicated: different names have been applied to the 
same plant; one botanist regards as species what the other looks 
upon as variety or form; hence the botanical relation of the plants 
yielding sweet basil oil have not been cleared up satisfactorily. 
The oils, however, may be grouped in the following manner: — 

1. The ordinary oil of commerce which is produced in Ger¬ 
many, France, Algiers and Spain. All of these oils have much the 
same properties and constituents (methyl chavicol and linalool). 
An oil produced in central Africa*) likewise resembled those 
already named. Ocimum BasiUcum, L. is regarded as the ori¬ 
ginal species from which these oils are obtained. In southern 
France the following varieties are cultivated and used in the 
production of the oil-): Ocimum BasiUcum var. purpurascens, 
Benth. (O. nigrum, Thouin), the violet-red variety, O. B. var. 
thyrsifiorum, Benth., the common white variety, 0. B. var. 
album, Benth., the lactuca-leaved variety and 0. B. var. crispum, 
E. G. Camus, the curly-leaved variety. The last variety is said 
to be best suited to the production of oil, both as to yield and 
to fragrance of product. The yields of the French varieties are 
recorded in the table on page 576. In Germany the fresh herb 
yielded 0.02 to 0.07 p.c. of oil. 

2. Reunion .Oil. The parent plant is unknown. The oil differs 
from that reported under No. 1 by its camphor content. The 
Comora islands Mayotte and )oanna (Anjouan) have supplied 
oils with like properties"). 

3. Javanese oil from Ocimum BasiUcum, L., var. selasih 
hidjau, like the following, has been distilled occasionally in Buiten- 

*) Report of Schimmel Si Co. April 1914, 22. 

*) Botanische Untersuchung der angebauten Basiticumarten von E. G. 
Camus and A. Camus. Berichte von Roure-Bertrand Fils October 1910, 23. 

“) Report of Schimmel St Co. October UK)9, 26; October 1913, 27. — 
Berichte von Roure-Bertrand Fils October 1912, 76. 
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zorg. The fresh herb yielded 0.2 p.c. It differs from the ordinary 
oil by its dextrorotation and its content of the olefinic terpene, 
ocimene. For further detail see Composition. 

4. Javanese oil from Ocimum Basilicum, L., van selasih 
mekah or selasih besar, yield 0.18 to 0.32 p.c. It contains 
eugenol as does the oil of the small basil, Ocimum minimum, L. 

5. The oil from an unknown Basilicum species of Mayotte') 
likewise contained eugenol. 

Properties. German and French Oil. As already stated, the 
German and French oils have the same properties as have the 
commercial oils from Spain and Algiers. They are yellow liquids 
of an aromatic, penetrating, esdragon-like odor. djj. 0.904 to 0.930; 

—6 to —22°; n,,,,,.1.481 to 1.495; A.V. up to 3.5; E.V. 1 to 12; 
soluble in 1 to 2 vol. and more of 80 p.c. alcohol, the solution 
at times opalescent or separating paraffin. As to the properties 
of the oil from the French varieties enumerated on p. 575 the 
following table from the reports of Roure-Bertrand Fils for 
October 1910, 39, affords detailed information'-*):— 



') Report of Schimmel S Co. April 190S, 120. 

“) Comp, also G. Laloue, Bull. Soc. chim. IV. 11 (1912), 491. 
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Reunion 0/7 (including the Coinora oils mentioned above). 
This oil differs from the preceding ones by its camphor-like odor. 
d, 5 , 0.945 to 0.987; cr^, 0°22' to -f 12°; ni,j„. 1.51505 to 1.51753; 
A. V. up to 3; E. V. 9 to 22; soluble in 3 to 7 vol. of 80 p.c. 
alcohol, occasionally even in 2 to 3 vol.; in individual cases with 
the separation of paraffin. 

Composition. In 1831 Bonastre') found a solid constituent in 
basilicum oil, the so-called basilicum camphor. An analysis made 
by ). Dumas and E. P^ligot'^) corresponded with the formula 
hence with terpin hydrate. Presumably this substance 
had been formed by the addition of water to either pinene or 
linalool. The French oil has been examined by ). Dupont and 
Guerlain*). They found methyl chavico! and //ha/oo/as .principal 
constituents. 

Similar in composition was the oil examined by ). Bertram 
and H. Walbaum*). The lowest boiling fractions contained dneoR') 
(m. p. of cineol iodol 112°). The fraction boiling in the neighbor¬ 
hood of 215° contained methyl chavicol (m. p. of homoanisic 
acid 85"). The methyl chavicol content, computed from the 
methoxyl value amounted to 24 p.c. The fraction boiling about 
200° was alcoholic in its nature. There can scarcely be any 
doubt but that this fraction, as is the case with the French oil, 
consists of linalool. Camphor is not contained in either the 
German or the French oil. 

In the oil from Reunion Bertram and Walbaum found the 
following substances: 1. d-u-Pinene (m.p. of pinene nitrolben- 
zylamine 123°). 2. Cineol (cineol hydrogen bromide; m.p. of 
cineol-iodol 112°). 3. d-Camphor (m.p. of camphor oxime 118°). 
4. Methyl chavicol. The bulk of the oil consists of this substance. 
Its identity with /j-allylphenol methyl ether was established by 
its oxidation to homoanisic and anisic acids, also by converting 
it into the isomeric anethol. The quantitative methoxyl determi- 

*) lourn. de Phartn. It. 17 (1831), 647; Pharm. Zentralbl. 1831, 848. 

■') Liebig's Annalen 14 (1835), 75. 

“) Compt rend; 124 (1897), 300. — Bull. Soc. chim. HI. 19 (1896), 151. 

. *) Arch, der Pharm. 285 (1897), 176. 

*) The presence of cineol in basilicum oil had previously been rendered 
probable by E. Hirschsohn (Pharm. Zeitschr. f. Riissl. 32 (1893], 419) when he 
obtained crystals upon the addition of iodol. 

(jiLDeMEiSTtR, The volatile oils. III. 
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nation according to Zeisel’s method revealed a content of 67.8 p. c. 
Linalool is not contained in this oil. 

From a small sample of Reunion oil Dupont and Guerlain 
isolated a crystalline substance melting at 64 to 65°. The amount 
was too small for investigation. 

The oil from the se/asih hidjau variety from )ava (dj^. 0.948 and 
di„.0.962; a„ +0.35° and +0°50') has been examined by P.vanRom- 
burgh‘). He found cineol (iodol reaction), methyl chavicol and low- 
boiling hydrocarbons, presumably pinene and an olefinic terpene. 

The same investigator*) examined the oil from the variety 
selasih besar or mekah (d 2 „. 0.890 to 0.940; — 11.25 to —18 ’). 

He identified the olefinic terpene ocimene (see vol. I, p. 280) and 
30 to 46 p.c. eugenol. Of the same botanical origin was possibly 
an oil sent to Schimmel 8; Co.*) from the island Mayotte which 
had a high eugenol content (m. p. of benzoyl compound 70“). 
It had the following properties: d,5,0.9607; 14°54'; A.V. 4.7; 

E. V. 3.7; E. V. after acetylation 140.1; soluble, with slight turbidity, 
in 7 vol. and more of 90 p.c. alcohol. 

839. Oil of Ocimum canutn. 

Roure-Bertrand Fils“) have examined an oil of Ocimum 
canum, Sims (O. americanum, L.) that had been sent to them 
from Dabakala on the Ivory Coast. The plant was then distilled 
by this firm in France, yielding the same oil, with a yield of 
0.65 p.c., as the one obtained from Africa. The botanical deter¬ 
mination was carried out by E. G. Camus. 

Soon after its preparation the oil deposited needle-shaped 
crystals, several centimeters in length, at ordinary temperature. 
Upon warming the oil gently with the hand, it formed a strongly 
refractive, slightly yellow liquid with the following properties: 
d,, 5 .1.0330; «„5„.--2"30'; A.V. 0; E.V. 301,4; soluble inZ'/Wol. 
and more of 75 p.c. alcohol and in all proportions of 80 p.c. 
alcohol. The solid sub.stance melted at 35 to 37° and proved to 
be identical with cinnamic acid methyl ester. The acid, separated 
from the saponification liquid, melted at 133°, the melting point 

*) Verslag Plantentuin Buitenzorg 1S9S, 28; 1901, 58. — Koninklijke 
Akademte van Wetenschappen te Amsterdam 1900, 446; 1904, 700; 1909,15. 

®) Report of Schimmel S Co. April 1908, 120. 

*) Berichte von Roure-Bertrand Fils October 1918, 19. 
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of cinnamic acid. The saponification value corresponds to about 
87 p.c. of methyl cinnamate. The non-saponifiable portions of the 
oil appear to consist of strongly laevogyrate hydrocarbons. 

Some time ago Schimmel Co.') likewise examined an 
oil of Ocimum Canum that had been sent to them from Central 
Africa. It had the following constants; d.„,, 1.0431; 2°25'; 

A. V. 0.6; E. V. 289.8; not completely soluble in 
10 vol. of 70 p.c. alcohol, but soluble in 1 vol. and more of 
80 p.c. alcohol. Gently heated, the oil constituted a yellow 
liquid, which, however, congealed largely at room temperature. 
The crystals, removed by suction, after recrystallization had the 
melting point of methyl cinnamate (36°). Upon saponification 
of the ester, cinnamic acid (m.p. 133") and methyl alcohol could 
be isolated. The latter was characterized by its boiling point 
and oxidation to formic acid. 

The liquid which was obtained by filtering the crystals 
from the thoroughly chilled oil, still had a decided odor of methyl 
cinnamate and showed the following con.stants: dj^., 1.0404; 

54932. By means of repeated distillation under ordinary 
pressure, when it passed over between 230 and 260°, it was 
freed as much as possible of methyl cinnamate (b.p. 255 to 
260 ), but not completely. Saponification of the lower fraction 
left only a small amount of oil of a faintly camphor-like odor. 
However, it was impossible to identify camphor by means of 
semicarbazide or borneol by means of phenyl/socyanate. 

Several years ago E. Charabot=) described an oil that was 
said to have been obtained from Ocimum canum, Sims. It 
contained relatively much d-camphor. judging by the above 
investigations it must be assumed that Charabot had an oil 
from a different species of Ocimum. 

An oil from the island of Mayotte described by Schimmel 
Co.") as having been obtained from Ocimum canum, also 
contained relatively much A-camphor and in this respect corre¬ 
sponds to the oil of Charabot. 

*) Report of Schimmel & Co. April 1»14, 72. 

') Bull, du Jarditt colonial 1908; Berichte von Roure-Bertrand Fils 
April 1908, 33. 

‘) Report of Schimmel 6 Co. April 1908, 120. 
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840. Oil of Ocimum minimum. 

From southern France Schimmel S Co, obtained two 
distillates from Ocimum minimum known as Basilic nain or 
petit basilic. In their constants they corresponded with the 
commercial German and French basilicum oils from Ocimum 
Basilicum, L. or grand basilic, but their peculiar, spicy odor 
was very different as was also their chemical composition. They 
contained about 14 p.c. eugenol which was characterized by its 
benzoyl compound melting at 69''. In addition linalool seemed 
to be present. At least the phenol-free oils had a decided odor 
of linalool. Whether they also contained methyl chavicol, which 
predominates in the commercial oils, could not be ascertained 
because of the smallness of the samples. On this account little more 
could be accomplished than to determine the general constants. 


N“.!: d„ 
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841. Oil of Ocimum gratissimum. 

An oil of Ocimum gratissimum, L. examined by Roure- 
Bertrand Fils'^) had been distilled in Debakala on the Ivory Coast. 
Its odor was that of ajowan oil. It had the following constants: 
d^j. 0.9105; o„~f0''58'; soluble in 1.2 vol. of 80 p.c. alcohol. 
It contained 44 p.c. of phenol which was identified as thymol 
by its melting point, namely 49.5 to 50.5°. 

The material had been examined botanically by E. G. Camus. 
A like oil was obtained by Schimmel 8) Co. °) from Central 
Africa, it had the following properties: d^. 0.9055; a^, -f0"50'; 
Unav 1-49373; A.V. 0.4; E.V. 15; not completely soluble in 
10 vol. of 70 p.c. alcohol, soluble in 7 vol. and more of 80 p.c. 
alcohol with very slight opalescence, and in 0.5 vol. and more 
of 90 p.c. alcohol. The oil was light brown in color, had a 
thyme-like odor, and contained 35 p.c; thymol. 

*) Report of Schimmel £| Co. April 1909, 20. 

*) Berichte von Roure-Bertrand Fils October 1913, 21, 

“) Report of Schimmel £( Co. April 1914, 72. 
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842. Oil of Ocitnum viride. 

Ocimum viride, Willd., the mosquito plant, is rich in a spicy 
volatile oil contained in oil cells of the leaves for which reason, 
it is recommended against mosquitoes. Four plants placed 
around a bed are said to afford better protection than a mosquito 
net. However, this effectiveness is questioned by ). P. Quinton*). 

The leaves sent from Sierra Leone in March 1907 to the 
Imperial Institute in London were distilled by E. Goulding and 
R. G. Pelly=) who obtained a yield of 0.35 p.c. of an orange- 
yellow oil of an aromatic thyme-like odor and a spicy, burning 
taste: d,5.0.9115; [«]b- t-1°30'; soluble in all proportions of 
90 p.c. alcohol. DLstilled under .ordinary pressure the following 
fractions were obtained: 25p.c. between 165 and 180° (d^.0.8614; 
[aJi, -f 0°33'); 20 p. c. between 180 and200°(d^5.0.8804; [a]j, -f 1 °40'); 
20 p.c. between 200 and 220° (djj.0,9164; [«]„ -1-2°38'); 20 p.c. 
between 220 and 235° (d^. 0.9548; [«]„-t-3°38'); and 10 p.c. 
between 235 and 250° (d^. 0.9565; [«]„-t-5" 14'). 

Of its constituents the following were identified: thymol 
(32 p.c.), alcohols (14 p.c., computed as C,„HjsO), esters (2 p.c., 
computed as Cj„Hj,OCOCHj). The balance consisted of a 
terpene or a mixture of terpenes with high refractive power, 
lemon-like odor, having the following constants: b.p. 160 to 166°; 
djj. 0.8456; «^,-f0°10'. 

According to an investigation in the Imperial Institute, leaves 
obtained in September 1904 from northern Nigeria yielded 
1.2 p.c. of volatile oil. The difference in the yield is explained by 
pointing out that the leaves were collected in a different season. 

Schimmel 8; Co.“) examined an oil sent to them by the 
Imperial Institute. It had a thyme-like odor, was of a brown 
color and showed the following constants: dj,, 0.9338; «i,-i-0°; 
n„j„. 1.50418. The oil was soluble in 4 vol. and more of 70 p.c. 
alcohol, the diluted solution being opalescent. An assay with 5 p.c. 
caustic alkali revealed a 52 p.c. phenol content identical with thymol 


*) Annual Report on Government Gardens and Parks in Mysore for the 
year 1902/03,11. This report contains a good illustration of Ocimum viride, 
Willd. and of the several parts of the plant. 

°) Proceed. Chem.'Soc. 24 (1908), 63.—Bull. Imp. Inst. # (1908), 209. 

•) Report of Schimmel S Co. October 1911, 62. 
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843. Oil of Ocimum sanctum. 

In the Philippines Ocimum sanctum, L. is frequently cul¬ 
tivated in the gardens. From the leaves, distilled 48 hours after 
they had been picked, R. F. Bacon‘) obtained 0.6 p.c. of a green 
oil with a sweetish, anise-like odor. It had the following con¬ 
stants: d-§^ 0.952; f 0°; n^j^, 1.5070; S.V. 2.8. Fraction 85 
to 95° (9 mm.) contained considerable amounts of methyl 
chavicol, which was characterized by oxidation to homoanisic 
acid melting at 85°. 

Later B. T. Brooks*) identified cineol (hydrogen bromide 
addition product) and linalool. 

844. Oil of Ocimum pilosum. 

The oil of Ocimum pilosum, Roxb. ’) has been prepared by 
Kshitibhusan Bhaduri *). It is contained in the fresh seeds, also 
in the leaves, but not in the dried seeds. This peculiarity the 
author explains by stating that the very volatile oil volatilizes 
or resinifies during the process of drying. The oil is a pale 
yellow, very mobile liquid that has an odor of lemongrass oil: 
dj^r." 0'8872; ((,,—3.7 "; n|,._,,„„ 1.4843. It contains 34 p.c. of 
citral and 41 p.c. of citronellal (characterized by its condensation 
products with pyrouvic acid and ft-naphthylamine), cineol, limonenc 
.and thymol. When -shaken with an aqueous solution of sodium 
sulphite and sodium bicarbonate 75 p.c. of the oil was absorbed. 

845. Oil of Ocimum micranthum. 

From the fragrant leaves of Ocimum micranthum, Willd., 
known as “large marjoram” in Brazil, Th. Peckolt") obtained 
0.14 p.c. of volatile oil; d.^,. 0.982. 

The fleshy, pleasantly aromatic leaves of O. carnosum, Lk. 
et Otto, yield, according to the same investigator"), 0.25 p.c. 
of volatile oil. 

‘) Philippine )ourn. of Sc. ft (1910), A, 261. 

*) Ibidem « (1911), A, 345. 

") According to Index Kewensis Ocimum pilosum, Willd. is synonymous 
with O. Basil hum, L.; O. pilosum, Roxb. is not mentioned in the Index. 

*) loum. Americ. Chem. Soc. 36 (1914), 1772. 

■■') Berichte d. deutsch. pharm. Ges. 14 (1904), 374. 

“) Ibidem 373. 
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846. Oil of Datura Stramonium. 

Upon the distillation with water vapor of the (dried?) leaves 
of Datura Stramonhim, L, H. HaenseU) obtained 0.045 p.c. of 
a dark brown oil with a tabacco-like odor that solidified at 20°; 
dj^. 0.9440. After the oil, in ethereal solution, had been deco¬ 
lorized with animal charcoal and after removal of the solvent 
the A. V. was 52.4, the S. V. 9.57. 

847. Oil of Fabiana imbricata. 

From the ethereal extract of the leaves of Fabiana imbricata, 
Ruiz et Pavon, H. Kunz-Krause’*) obtained, upon steam distil¬ 
lation and shaking of the aqueous distillate with ether, a small 
amount of volatile oil. A small amount of this distilled over 
at 130°, but the bulk of the oil passed over at 275°. The 
principal constituent, designated fabianol, yielded, upon analysis, 
results corresponding with the formula 

848. Tobacco Oil. 

For the production of tobacco several species of the 
solanaceous genus Nicotiana are cultivated. The fermented 
tobacco contains a volatile oil that can be obtained by distil¬ 
lation with steam. At the request of Fi. Thoms’*), Schimmel 8( Co. 
distilled 15 kg. of well fermented tobacco from the Uckermark, 
yielding 6 g. of oil that was examined by Thoms. The oil 
was dark in color, thick like a balsam and possessed an odor 
reminding of chamomile. When the ethereal solution was 
shaken with dilute potassa solution the latter took up small 
amounts of phenol. Upon distillation under ordinary pressure 
the bulk of oil came over between 295 and 315° as a green 
colored distillate. 

A very different volatile oil results when the tobacco is 
smoked. In a special apparatus*) Thoms obtained from 20 kg. 

‘) Chem. Zentraibl. 1910, il. t539. 

•) Arch, der Pharm. 287 (1899), 10. 

’) Paper read at the 71. Versammiung der Geseltschaft deutscher Natur- 
torscher imd Arzte in tiunchen 1899. Chem. Ztg. 23 (1899), 852. 
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of smoked tobacco 75 g. of an ethereal- oil Which contained 
a phenol and probably furfurol. Deprived of its phenol, the 
oil began to distill at 190°i the larger portion went over between 
220 and 230°, another portion between 230 and 260°. The 
presence of sulphur and nitrogen was ascertained. The oil 
must contain a strongly poisonous substance, for, while working 
with it, it produced headache, a tendency to vomit, dizziness 
and trembling of the legs. 

S. Fraenkel and A. Wogrinz') were of the opinion that the 
bearer of the tobacco aroma is a volatile alkaloid not identical 
with nicotine. 

More recently W. Halle and E. Pribram*) succeeded in 
extracting from 300 kg. of Hungarian tobacco of medium 
quality {Nicotiana rustica, L.?) with an organic solvent and 
the aid of heat, 140 g. (= 0.047 p.c.) of a yellow oil which 
had a benumbing effect and possessed a strong odor of tobacco. 
It was absolutely free of nitrogen, reacted acid toward litmus 
and boiled between 77 and 100° under 20 mm. pressure. Although 
it had previously been shaken with soda solution, it again showed 
an acid reaction after distillation. The acid was identified as 
isovaleric acid by its odor, boiling point determination, density, 
titration and analysis of its barium salt. Fraction 72 to 82° 
(18 mm.) contained a hydrocarbon to which possibly the formula 
C,„Hjg or Cj,Hj„ may be assigned. As “Abbau” product the 
hydrocarbon yielded an acid insoluble in chloroform which 
appears to be identical with terephthalic acid and an acid 
solution in chlorofomi which presumably is /sobutylacetic acid. 
Tobacco oil also contains a high-boiling oxygenated substance. 

Family: SCROPHULAHIACEy^. 

849. Leptandra Oil. 

Leptandra is defined by the U. S. P. as the dried rhizome 
and rootlets of Veronica virginica, L. {Leptandra virginica, 
Nuttall). 55.56 kg. of this drug were extracted by F. B. Power 

‘) Monatsh. f. Chem. SS (1902), 236; Qhem. Zentralbl. 1902, I. 1370. 

•) Bert. Berlchte 47 (1914), 1394. 
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and H. Rogerson*) with hot alcohol, whereby they obtained 
19.79 kg. of extract. Two kg. of this extract were distilled with 
steam, yielding 0.9 g. of oil corresponding to 0.016 p.c. of the 
drug. Under a pressure of 25 mm. the oil distilled between 
120 and 160°. It was a dark brown, mobile liquid of a strong 
penetrating odor. With ferric chloride it gave no color reaction. 

850. Oil of Buddleia perfoiiata. 

The woody shrub Buddleia perfoiiata, H. B. et K., is a native 
of the temperate areas of the province Mexico and is known as 
Salvia boiita. In Xochimilco the leaves and flowers were distilled 
and the resulting oil sent to Schimmel &, Co.“) by the Institute 
Medico Nacional of Mexico. The oil is light yellow in color 
and has a peculiar but agreeable odor which is possibly due 
to fatty aldehydes small amounts of which are present in the 
oil, but which could not be identified because of the small 
amount of material, d, 5 .0.8862; + 25°; A. V. 0.6; E. V. 8.1; 

soluble, with slight turbidity, in 4 to 5 vol. of 90 p.c. alcohol. 

851. Limnophila Oil. 

According to B. T. Brooks”) the leaves of a species of 
Limnophila occurring in the Philippines yield about 0.2 p.c. of 
an oil with a density of 0.850 and a rosemary-like odor. 


Family: ACANTHACEJE. 

852. Oil of Strobilanthes lupulinus. 

In an English journal”) mention is made of an oil that 
was very probably obtained from Strobilanthes lupulinus, Nees 
(S. DaizelUi, T. Anders), a plant that grows in enormous quan¬ 
tities in the vicinity of Bombay. The oil distilled from the flower 
buds had a strong agreeable odor and showed the following 
properties: d 0.9648; Op —16°30'; n 1.4688; A. V. 1.7; E. V. 257. 


*) journ. Chem. Soc. 97 (1910), 1945. 

‘I Report'of Schimmel 81 Co. April 1908, 

’) Philippine Joum. of Sc. 0 (19.11), A, 346. 
!) Perfum. Record 2 (1911), 96. 
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Family: ASCLEPIADACEJE. 

756. Oil of Chlorocodon Root. 

The root of a Chlorocodon species (presumably C. Whiteii, 
Hooker f., family Asdepiadacese) having been sent from Uganda 
to the Imperial Institute in London, was examined by E. Goulding 
and R. G. Pelly*). It is know as Murundo by the natives and 
possesses an odor reminding of vanillin and piperonal. Upon 
distillation with water vapor it yielded 0.5 p. c. of a crystalline 
compound C,H, 020 CH 3 which constitutes the fragrant constituent 
of the root and which proved to be a monomethyl ether of 
a dihydroxy benzaldehyde differing from vanillin. It melted at 
41 to 42°, boiled at 257 to 258°, and was readily soluble in the 
ordinary solvents, but difficultly soluble in cold water. The 
oxime melted at 138°, the phenylhydrazone at 137 to 138°. 

Later P. Friediander -) established the identity of this com¬ 
pound with p-methoxysalicylic aldehyde prepared synthetically. 

Schimmel Si Co.’*) report on a root, also obtained from 
Africa, which upon distillation with water vapor yielded 0.34 p. c. 
of oily distillate. In addition to small amounts of oil it consisted 
for the most part of the solid substance described above. 
Recrystallized from dilute alcohol it results in white, shiny 
needles that melt at 40 to 42°. The aqueous solution yields 
a reddish-brown color with ferric chloride. The entire oily 
distillate had a penetrating odor, reminding possibly of rhubarb, 
whereas the crystals, after several recrystallizations, had an 
odor of cumarin. Judging from these results it would seem 
that the root in question was chlorocodon root. The anatomical 
comparison of this root with a sample of the root examined 
by Goulding and Pelly, which was sent by the Imperial institute 
in London, verified this surmise. However it could not be 
established with certainty that both roots belonged to the same 
species. Only two species of chforocodon are known, C. Whiteii, 
Hook. f. and C. ecomutum, N. E. Br. The former occurs in 


‘) Proceed. Chem. Soc. 24 (1908), 62j 27 (1911), 235. 
») Monatsh. 1. Chem. 80 (1909), 879. 

') Report of Schimmel S Co. October 1911, 33. 
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Natal and South Africa, the latter in the Congo District and 
tropical East Africa. 

The Imperial Biological-Agricultural Institute in Amani advised 
Schimmel £| Co.‘) that Chlorocodon Whiteii, Hook. f. occurs wild 
in German East Africa and is cultivated by the planters for its 
seed hairs. An experimental distillation in Amani of the fresh 
roots with water vapor yielded crystals which were compared 
with the crystals of Schimmel fi( Co. They were found to 
correspond. The rose-colored crude product melted at about 
35° and after recrystallization from water, were obtained as 
white crystals. Dried in a sulphuric acid vacuum desiccator 
they melted at 43 to 45°. A mixture of both products showed 
no melting point depression. 


Family: CONVOLVULACEJE. 

757. Oil of Rhodium. 

Oleum Ligni Rhodii. — Rosenhoizdt. — Essence de Bole de Rose”) on de Rhodes. 

The material that is quite generally said to be used in the 
production of oil of Rhodium, Ger. RosenholzoF), is the wood 
of the root of Convolvulus scoparius, L. and Convolvulus 
lloridus, L. (family Convolvulacex) two shrubs growing in the 
Canary Islands. 

The oil that now appears in the market as Rosenhoizol is. 
mostly nothing more than either sandalwood oil or cedarwood oil 
to which rose oil has been added. 

Oil of Rhodium has been examined by ). H. Gladstone'). 
Its origin can no longer be ascertained. It was viscid, had a 
density .of 0.906 at 15.5° and an optical rotation of —16° in a 
250 mm. tube. Four-fifths of the oil consisted of a hydrocarbon 
CijHj, (presumably CjjH.J that boiled at 249° and had an odor 
of sandalwood and roses, 

‘) Report of Schimmel Co. April 1912, 

‘) The wood designated Bois de rose femelle or mi/e by the French is 
Cayenne or Guayana iinaloe wood. 

") Comp, the investigations by R. Muller on the parent plant of rose¬ 
wood. Pharm. Post 1908, 566; Pharm. Zentralh. 45 (1904), 41. 

') )oum. Chem. Soc. 17 (1864), 1 etseq.-, Jahresb. f. ChemlelSK, 546,549. 

26* 
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Family; Verbenacf.^. 


Of unknown botanical origin is likewise the oil distilled by 
Schimmel 8i Co.‘) in 1887. This oil had a beautiful golden-yellow 
color, a pleasant rose-like odor and congealed at f 12’ to needle- 
shaped crystals. 

Material distilled some years later was derived from Tene- 
riffe'-). It corresponded partly to the description of the wood of the 
roots of Convolvulus scopar/us, L. The odor of the oil did not 
come, up to expectations, dj,,. 0.951; «j,-f-r3C'; S. V. 0; E. V. 
after acetylation 151.3. The oil yields slightly turbid solutions 
with 10 parts of 95 p.c. alcohol. 

758. Oil of Jalap Root. 

In their investigation of the constituents of Exogonium purga, 
Benth. (Iponiaea purga, Hayne, family Convolvulacvan) F. B. Power 
and H. Rogerson") distilled the alcoholic extract of the root drug 
with steam. Thus they obtained 0.0033 p.c. of a light yellow oil 
which upon standing soon became brown. It had an unpleasant, 
persistent, smoky odor. d;[)! 0.8868; «„ inactive; boiling tempe¬ 
rature 80 to 160° (60 mm.). With ferric chloride the dilute alco¬ 
holic solution gave a deep brownish-red color. 


Family: VERBENACErF. 

759. Oil of Lantana Camara. 

Lantana Camara, L. is a widely distributed plant in java*'). 
New Caledonia'') and the Philippines"), as well as in British India 
and is cultivated in Europe as a houseplant. In the southern 
parts of British India it has become a veritable plague. Around 
Bombay’it is known as Ghaneri and is popularly known as the 
heliotrope of the lowlands ’). 1.000 kg. of leaves yield 250 g. of oil"). 

’) Bericht von Schimmel S Co. April 1887, 28. 

*) Report of Schimmel E( Co. April 1899, 37. 

") )ourn. Americ. Chem. Soc. 32 (1910), 83. 

*) Report of Schimmel S Co. October 1896, 73. 

") E. Heckel, Rev. cultures coloniales 8 (1901), 263. 

*) Philippine )oum. of Sc. 4 (1909), A, 127. 

’) Arch, der Pharm. 252 (1914), 1. 



UIL Ur LAMIAnA CAMAKA, 


40& 


According to R. F. Bacon ‘) the yield seems to vary considerably 
according to age and season. 70 to 110 kg, of material afforded 
yields of from 60.245 to 78 cc. of oil. The oil is light yellow in 
color and has an odor reminding of sage, d^"!" 0.9132; ('u.,,,,, + 11.5 "; 
nj,,,„„ 1.4913. Upon fractionation 50 g. of oil yielded 22 g. boiling 
between 125 and 130" (12 mm.) (n,,,,,,,, 1.4892), and 24 g. boiling 
between 130 and 140" (41 mm.) (nj,,,,,, 1.4970). 

An oil obtained from the Botanical Garden at Buitenzorg 
possessed different properties-); d,,,, 0.952; k,, —0“24'. 

A sample sent by the Indian Institute of Science in Banga¬ 
lore to Schimmel 8| Co.'*) had been obtained from the flowers. 
It was a yellow liquid, the odor of which was but little charac¬ 
teristic; d|„.0.9274; <!„ +14°50'; A.V.0.9; E.V,24.3. On account 
of its large paraffin content its solution with even 95 p.c. alcohol 
did not remain clear. Upon the addition of more than 0.5 vol. 
of the solvent paraffin separated abundantly. Inasmuch as the 
sample was but a small one a more careful study was out of 
the question, even an acetylation. This, however, had been con¬ 
ducted in the Institute in Bangalore: d.,„, 0.915; n||„„., 1.4.987; 
S. V. 10; S. V. after acetylation 43.65. 

The several parts of the plant growing in British India were 
distilled by D. D. Kanga^). The properties of the oil distilled 
from the fresh and dried flowers, also from the leaves are here- 


with tabulated: — 

Oil from: 

dried 

flowers 

fresh 

flowers 

leaves 

Color .... 

yellow 

yellow 

yellow 

Odor .... 

sage-like 

likewise 

likewise 

Yield .... 

0.07 p.c. 


0.2 p.c. 

Density . . . 

d,.„.0.915 

— 

d.“j: 0.9211 

«i). 

-^23.9° 


-f 1.96° 

n|,oj. .... 

1.4987 

1.5031 

n,,.,;. 1.48933 

S.V. 

10 

— 

— 

S.V. after acetl. 

43.6 

— 

■ 


‘) Philippine journ. of Sc. 4 (1909), A, 127. 

“) Report of Schimmel St Co. October 1S9(!, 73. 
’) tbidem October 1918, 66. 

*) Arch, der Pharm. S52 (1914), I. 
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Family: Verbenace*. 


760. Oil of Lantana odorata. 

From the Department of Agriculture in Kingston, Schim- 
mel 8i Co.*) obtained an oil distilled from the leaves of Lantana 
odorata, L. (family Verbenaceas). This shrub grows in )amaica 
and other islands of the West Indies. Its aromatic leaves are 
used as a tea in cases of cold, catarrh, indigestion, Sjc., also for 
aromatic baths and as a gargle. The yield 0.16 p.c. computed 
with reference to the leaves dried at 100°. The color was lemon- 
yellow, the odor hyssop-like, reminding at the same time of ambra. 
d,,. 0.9149; —1°36'; n„„„. 1.49630; E.V. 4.7; E.V. after acety¬ 

lation 51.0; soluble in 6 to 7 vol. and more of 90 p.c. alcohol. 
The bulk of the oil consists of constituents that boil above 200°. 


761. Verbena Oil. 

Origin and Production. Genuine verbena oil is distilled from 
the leaves of Lippia citriodora, H. B. et K. (Verbena triphylla, 
L’Hdrit., Ahysia citriodora, Ort., family Verbenaceae), a plant that 
is cultivated for decorative purposes in Spain"), southern France 
and Central America. Inasmuch as its price is out of .proportion 
to its value, the oil is not a regular article of commerce. For 
most purposes it can be replaced by the much cheaper lemon- 
grass oil, which for this very reason is known as East Indian 
verbena oil. Inasmuch as genuine verbena oil is but rarely to be 
had, statements concerning it must be taken with some reserve. 

The fresh leaves yield 0.072®) to 0.195 p.c.‘) of oil. 

*) Report of Schimmel S Co. November 1908, 140. 

’*) In order to ascertain the parent plant of “thyme .lemon oil” j. C. Umney 
(Perfum. Record 8 [1912], 212) secured authentic distillation material from Spain 
and had it examined by E. M. Holmes who recognized it as Thymus hyemalis, 
Lange., This species is closely related with T. hirtus, Willd. and T. vulgaris, L. 
Boissier regarded it as T. Mastichina, L. and Pourret as a variety (hyemalis) 
of T. sparsifotius. It changes much in ite appearance, nevertheless is readily 
distinguished from other species of Thymus. Umney's article contains illu8-| 
tratlons of the entire plant, of the inflorescence and of parts of the flovijifo^ 

’) E. Theulier, Bull. Soc. chim.-lll. it (1902), 1113. 

■') Berichte von Roure-Bertrand Fils April 1906, 38. 
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ungin 

d.r,- 

"d 

ni>sn» 

Aldehyde resp. 
citrai content 

1. Grasse*) .... 

0.900 

-12" 38' 

__ 

35 p.c. 

2. ?•*).... 

0.902 

—12.7 ’ 

— 

28 p.c. 

3. Grasse**) .... 

0.919 . 

—16“20' 

— 

20.8 p.c. 

4. ^) .... 


- 14“ 16' 

— 

35.4 p.c. 

5. „ ■')- 

— 

— 

— 

65 to 70p.c. 

6. „ »)- 

0.912 

-15“ 


37.5 p.c. 

7. ?•*).... 

0.905 

— 12’ 

— 

26 p. c. 

8. ?«).... 

0.918 

-16“ 

« 

21 p.c. 

9. Grasse*) .... 

0.905 

12“ 30' 


26 p. c. 

10. Spain’). 

0.928 

+ 2“ 45' 

— 

13 p.c. 

11. ., “). 

(Thyme Lemon Oil) 

0.901 

+ 18“30' 


20 p.c. 

12. Spain"). 

(Thyme Lemon Oil) 

0.9085 

+ 9“45' 

— 

— - 

13. Spain*") .... 

0.9239 

— 5’25' 

1.49047 

30 p.c. 

14. Australia**) . . 

0.894 

-16“ 

- 

74 p.c. 

15. ? *") . . 

0.881 

-6" 


— 


As a rule verbena oil does not yield clear solutions with 70 
and 80 p.c. alcohol. Of 90 p.c. alcohol 1 vol. is mostly required, 
but upon addition of more solvent turbidity results at times. 
Oils 11 to 13 were soluble in 1 to 2 vol. of 80 p.c. alcohol. 

Composition. Citra! (m. p. of |i'-naphthocinchoninic acid 195 
to 197“)*) is the characteristic constituerit of the oil. According 
to P. Barbier") .and F. Tiemann'"), also M. Kerschbaum") it 
occurs in two isomeric forms. 

*) Ciildemei.ster and Hoffmann, The Volatile Oils, I'-' ed. 1900, p. 59T. 

•) Chemist and Druggist 50 (1897), 218. 

’) E. Theulier, Bull. Soc. chim. III. 2i (1902), 1113. 

*) Berichte von Roure-Bertrand Fils April 1000, 38. 

'■’) P. Barbier, Bull. Soc. chim. III. 21 (1899), 635. 

“) W. A. Wrenn, Perfum. Record 1 (1910), 283. 

') M. Kerschbaum, Berl. Berichte 118 (1900), 886, 887. 

") E. j. Parry, and C. T. Bennett, Chemist and Druggist 00 (1906), 481. 

") Report of Schimmel Co. April 1007, 101. 

">) /6/rfem October 1018, 105. 

“) Probably from Lippia citriodora. ). C. Umney, Pharmaceutical )ourn. 57 
(1896), 257. 

'*) ). H. Gladstone, lourn. Chem. Soc. 17 (1864), 1 ef seq.\ jahresb. f. Chem. 
18«3, 546 and 549. 

.*») Berl. Berichte 38 (1900), 884. 
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In a French oil E. Theulier’) found \-limonene (tetrabromide), 
geraniol (ca\c\um chloride compound, oxidation to citral), a sesqui¬ 
terpene and a hydrocarbon, presumably paraffin, melting at 62.5 . 
According to Barbier-) the French oil contains myreene. 

From Spanish oil, M. Kerschbaum'*) isolated 1 p. c. of a 
previously unknown ketone Ci„Fi|„0, which he named verbenone: 
b. p. 103 to 104“ under 16 mm. pressure; d,,.. 0.974; «„ -1-66 ; 
n,, 1.49951; m. p. of semicarbazone 208 to 209°; oxidation to 
norpinic acid melflng at 173 to 174°. 

It was likewise a Spanish oil (No. 13 of the proceeding table) 
that was examined by Schimmel S Co.'*), who revealed the presence 
of a number of constituents some of which were new. 1) Cineol 
(m. p. of iodol compound 112 to 113°). 2) \-Linionene (m. p. 
of tetrabromide 103 to 104°). 3) Citral. 4) Methyfheptenone 
(m. p. of semicarbazone 134 to 135 ). 5) Verbenone, of wliich 
the oil contained scarcely 0.5 p.c. It could not be obtained in 
a pure state. The melting point of its semicarbazone could not 
be raised above 200 to 202°. 6) An alcohol having a characteristic 
odor reminding of citronellol and borneol, which may possibly 
be identical with the alcohol Ci„H,„0'') found in cypress oil. 
7) d-Citronellol (b. p. 224 to 230°; m. p. of silver salt of acid 
phthalate 122 to 124°). 8) Sesquiterpene derivatives constituting 
40 to 45 p.c. of the oil, viz., a hydrocarbon, the constants of 
which (b.p. 256 to 264"; d,.,. 0.9121; -14“42'; n„.,„. 1.49431) 

would seem to indicate caryophylfene, and a sesquiterpene 
alcohol (b.p. 124 to 126° under 3 to 4 mm. pressure; dj,,,0.9717; 
H„—7°52'; n„ 2 ,|.. 1.50101) which yielded a liquid phenylurethane. 

According to Roure-Bertrand Fils") the roots contain 0.014 p.c. 
of volatile oil, the stems 0.007 p.c., and the inflorescences 0.132 p.c. 
The oil from the inflorescences showed an optical rotation 
—8°24' and consisted of 29.6 p.c. of citral. 

*) Bull. Soc. chim. m. 27 (1902), 1113. 

*) Ibidem 111. 21 (1899), 635. 

") Berl. Berichte (1900), 886, 887. 

") Report of Schimmel S Co. October 1913, 105. 

") Ibidem April 1918, 51. 

“) Berichte von Roure-Bertrand Fils April 1906, 38. 
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E. Charabot and G. Laloue’) have published an interesting 
paper on the formation and distribution of the volatile oil. 

762. Oil of Lippia urticoides. 

According to Th. Fcckolt'-") the fragrant flowers of Lippia 
urticoides, Steud. (family Verbenaceee), a native of Brazil, yield 
0.063 p.c. of volatile oil that has a neroli-likc odor. d^,. 0.908. 
The alcoholic solution shows a blue fluorescence (methyl 
anthranilate?). 


763. Oil of Vitex trifoiia. 

The leaves of Vitex trifoiia, L. (family Verbenaceae) are 
used in India for baths, also as a remedy in various diseases. 
They contain a volatile oil that was distilled in the Botanical 
Garden in Buitenzorg '). 

The odor of the oil is agreeably spicy, somewhat camphor¬ 
like. The latter characteristic is due to cineoi, the presence of 
which was proven by means of the iodol test. 

Other properties of the oil are'): d,^-j„0.884; «„ -39.75'‘. 
The aqueous distillate contained methyl alcohol. 

764. Oil of Vitex Agnus-Castus. 

The leaves of Vitex Agnus-Castus, L., Ger. I^euschlamm or 
Abrahamsstrauch, also Monchspfeffer, were used by the ancient 
Greeks as aphrodisiac. Distilled by Schimmel 8i Co.’) they yielded 
0.48 p.c. of volatile oil of a brown color and a not unpleasant, 
hyssop-like odor. It showed the following constants: di„.0.9010; 
((„ — 7''55'; A. V. 6.4; E. V. 18.3; E. V. after acetylation 58.4; 
soluble in 0.4 vol. and more of 90 p.c. alcohol. .Under 4 mm. 
pressure it distilled between 31 and 120". Of its constituents 
the presence of cineoi was proven definitely. In addition it 


*) Berichte von Roure-Bertrand Fiks October 1SH)6, 10. — Bull. Soc. chim. 
IV. 1 (1907), 640. - Compt. rend. 144 (1907), 808. 

^) Berichte d. deutsch. pharm. Ges. 14 (1904), 469. The leaves of Lippia 
geminata, H. B. et Kth. contain 0.123 p.c., those of L. microcephaia, Cham. 
0.006 p.c. oil. ibidem 470, 471. 

’) Report of Schimmel S Co. October 18#4, 73. 

*) Verslag's Lands Plantentuin te Buitenzorg 1895, 39. 

T Report of Schimmel S Co. April 1908, 121. 
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Family: Labiat*. 


seems to contain sabinene and a quinone. The presence of the 
latter is indicated by the dark brown color of fraction 50 to 
86 ° (4 mm.). 

An oil distilled by H. HaenseP) with a yield of 0.36 p. c. 
had the following properties: d„„, 0.8993; A. V. 5: E. V. 20.8; 
E. V. after acetylation 56.5. It contained palmitic acid, pinene, 
cineol, a sesquiterpene and probably a readily decomposable 
sesquiterpene alcohol. 

From the seeds H. Haensel*) distilled 0.47 p.c. of a light 
brown oil with a decided spicy odor; dj,.. 0.8960; A. V. 7.41; 
E. V. 24.0; E. V. after acetylation 40.0. 


Family: LAB I ATJE. 

765. Oil of Rosemary. 

Oleum Roemarini. — RosmarinSI. — Essence de Romarin. 

Origin. The rosemary shrub, Rosmarinus ofiicinalis, L. 
belonging to the iMbiatae is distributed all over the Medi¬ 
terranean territory. 

Production. In commerce three kinds of rosemary oil are 
recognized, viz. the Italian, the French and the Spanish. 

The Italian or, more correctly, Dalmatian oil is produced 
in the islands of Lissa, Lesina, Solta and Torcola, along the 
Dalmatian coast, in which the plant grows wild and covers 
large areas '). If necessary the wild growth is supplemented 
by planting. 

Most of the oil is distilled in Lesina, Lissa coming next. 
The “rosemary forests” are property of the municipalities, which 
auction the privilege of oil production to the highest bidder. 
The utilization of the “forests” is regulated by law to the effect 
that a complete utilization is permitted only every third year. 
The two other years are partially closed seasons during which, 
only little oil may be distilled. The plant (leaves and branches) 



*) ibidem l»lO, I. 1612. 

*) Comp, also C. 0. Cech, Dingler's Polytechn. Journal 229 (1878), 466 
and Report of Schimmel § Co. October 1890, 66; April 1908, 66. 
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are cut in june, hence after the flowering period, which lasts 
from February until April, is long passed. After the branches 



have been dried by exposure to the sun from 14 days to 4 weeks, 
the leaves are stripped or threshed. In the island of Lesina 
the rosemary bush grows only on the western half and does 


Rosemary harvest in the island of Lesina (Dalmatia). 
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not occur cast of Gclsa. The centers of production and com¬ 
merce in this island are Brusje and Grabje. The people of 
Brusje occasionally take their stills to Solta, and inhabitants of 
Grabje go for the purpose of distillation to the Pellegrino pen¬ 
insula (western point of Lcsina) and the island of Torcola. 
According to the older method distillation is conducted from 
whiskey stills over direct fire. These stills have the advantage 
that they can be mounted wherever rosemary grows so that 
the material does not have to be carried far. Inasmuch as 
good roads .are wanting this is important. 

More recently steam distilling apparatus with permanently 
mounted boilers have been constructed both in Brusje and in 
Grabje (fig. 30). They operate more satisfactory than itinerant 
stills and the yield is about 30p.c. higher. With a charge of 
from 120 to 130 kg. leaves 1.5 to 2.5 kg. of oil are ob¬ 
tained, namely 1.2 to 2 p.c. From Dalmatian rosemary leaves 
Schimme! t!i Co.*) obtained 1.4 to 1.7 p.c. 

In Lissa the principal harvest is conducted every fourth 
year. The distillation is conducted over direct fire only. From 
Cittavecchia, a port in Lesina, the oil is shipped in tin cans to 
Triest and thence enters the world’s commerce, frequently 
adulterated with turpentine oil. 

Statistics as to the production of Dalmatian rosemary oil 
arc not available. According to inquiries made on the spot, 
the production in those years when a complete harvest is made, 
amounts to 20000 kg. This estimate corresponds with a state- 
previously made by Fliickiger-). 

It is stated that in 1901 libout 12000 kg.“) of oil were 
produced and in 1903 about 17000 kg.*). 

French rosemary oil is said to possess a finer fragrance. 
It is .produced in the departments H^rault, Gard, Drome, Bouches 
du Sone, Var, Alpes-Maritimes and Basses-Alpes. The two 
departments named first yield the bulk of the oil. Here the 
rosemary shrub attains a height of 2 m. and together with 
Thymus vulgaris constitutes the underbrush of the mountain 

*) E. Gildemeister and K. Stephan, Arch, der Pharm. SBii (1897), 586. 

*) Ibidem 222 (1884), 476. 

") Chemist and Druggist 61 (1902), 220. 

*) Report of Schimmel S Co. October 1904, 81. 
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slopes’). The distillation is conducted in itinerant stills, such 
as are described under Lavender Oil. From dry French rose¬ 
mary leaves Schimmel 8j Co.-) obtained 2 p.c. of oil, from the 
flowers 1.4 p.c. 

More recently Spanish oil has gained considerably in im- 
.portance. Large quantities are now produced in the mountains 
of the provinces Granada and Murcia, also in the coast district 
of the province Seville. However, the oil produeed along the 
coast shows an unfavorably low specific gravity and a poor 
solubility''). The Tomillares*) of the mountainous regions ar 
frequently rosemary heaths. At times they are covered by 
Rosmarinus officinalis (Romero), at times this plant is ac¬ 
companied by other labiates, namely Lavandula Spica, D.C., or 
spike, and Salvia lavandulifolia, Vahl''). These are frequently 
distilled with the rosemary and this admixture explains the 
varying character of Spanish rosemary oil. The distillation, which 
lasts from April to October"), is conducted in stills, illustrated 
under Oil of Thyme, which are heated over direct fire. Both 
fresh and dry herb are distilled. 

The amount of Spanish oil distilled annually is estimated 
at about 25000 kg. 

English") rosemary oil, small amounts of which are distilled 
in Mitcham, Market Deeping and Ampthill from cultivated plants, 
scarcely plays a role on the market. 

Composition. The following substances have been found in 
rosemary oil: 1. u-pinene, 2. camphene, 3. cineol, 4. camphor, 
5. borneol. 

‘) Arch, der Pharm. 222 (1884), 475. 

‘) Report of Schimmel S Co. October 180:{, Table (supplement) p. 38. 

") Perfum. Record 3 (1912), 61. 

*) Tomillares are rocky meadows on which woody labiates predominate. 
M. Rikli, Botanische Reisestudien von der spanischen Mittelmeerkuste. 
Zurich 1907, p. 34. 

') M. Willkomm, Grundzuge der Pf/anzenverbreitiing auf der iberischen 
Ha/binsel. Leipzig 1896, p. 156, 160 8ic. 

“) Comp. E. M. Holmes, Pharmaceutical Journ. III. 12 (1881), 238 and III. 
20 (1890), 581. — ). C. Sawer, Odorographia, vol. I. p. 370.— H. ). Hender¬ 
son, Pharmaceutical )ourn. 79 (1907), 599, 695; 85 (1910), 541. — Perfum. 
Record 4 (1913), 366. 
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Inasmuch as the investigations have hitherto been directed 
to finding specific substances, a complete re-examination of the 
oil ought to lead to the discovery of other substances. 

it-Pinene. According to G. Bruylants') rosemary oil is 
supposed to contain 80 p.c. of a lasvogyrate hydrocarbon 
boiling between 157 and 160°. From the low specific gravity, 
viz., 0.885, the laevorotation, as well as from the large amount 
of terpene, it becomes apparent that, undoubtedly, the oil was 
adulterated with French turpentine oil. Inasmuch as the frequent 
adulteration with turpentine oil made it desirable to ascertain 
whether pure rosemary oil contains pinene or not, E. Giidemeister 
and K. Stephan-) examined the lowest fractions of an oil 
distilled by themselves from Dalmatian rosemary leaves. After 
repeated fractionation they obtained a fraction boiling between 
156 and 158° (djr,, 0.867; Uj, -(-2° 30') which, when treated in 
gldcia! acetic acid solution with amyl nitrite and hydrochloric 
acid yielded a nitrosochloride which, in turn, yielded pinene nitrol- 
benzylaminc melting at 122 to 123°. It thus became apparent 
that rosemary oil contains pinene, presumably a mixture of d- 
and /-«-pinene. 

Camphene. Fraction 160 to 162° (d^^, 0.875; «„ —0°45') was 
treated with glacial acetic acid-sulphuric acid. Upon saponifi¬ 
cation of the reaction product /soborneol, m. p. 211 to 212°, was 
obtained. When the benzene solution of the /soborneol was 
boiled with zinc chloride, camphene boiling at 159 to 160° and 
melting at about 50° was regenerated. Hence oil of rosemary 
contains a second terpene, viz., camphene, which, judging from 
the slight rotation of the fraction, is optically inactive. 

A commercial oil of rosemary distilled in Dalmatia yielded 
like results. The presence of both pinene and camphene was 
established. The lowest fraction of 40 kg. of this oil boiling 
below 150° had an odor of acetaldehyde, decolorized fuchsine 
sulphurous acid and was partly soluble in water. The insoluble 
portion was hydrated with glacial acetic acid-sulphuric acid, the 
reaction product having a distinct odor of linalyl acetate. This 


■ ') |ourn. de Pharm. et Chim. IV. 29 (1879), 508; Pharmaceutical )ourn. 

111. 10 (1879), 327; )ahresb. d. Chem. 1879, 944. , 

*) Arch, der Wiarm. 285 (1897), 586. 
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behavior indicates the presence of olefinic terpenes, such 
are contained in oils of bay, hops, origanum, ^c.') 


as 



Fig. 30. Steam , distillation apparatus for .rosemary oil in the island of Lesina. 

Cineol. In fraction 176 to 182° of rosemary oil E. Weber ■^) 
found cineol, Ci„HjsO, which he isolated by means of its hydrogen 


*) Gildemeister and Stephan loc. cit. 
») Liebig’s Annalen 288 (1887), 89. 
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chloride addition product. Identification was attempted by con¬ 
verting it into dipentene tetrabromide, C,||H,„Br 4 , m. p. 123.5 to 
124’; also into dipentene dihydriodide, m. p. 78.5 to 79°. 

By passing hydrogen chloride into the ethereal solution of 
fraction 171 to 176°, Weber obtained dipentene dihydrochloride 
melting at 49 to ,50 ’. This compound may result not only from 
cineol, but from any dipentene present. Inasmuch as the analysis 
of the fraction revealed the presence of much terpene, the forma¬ 
tion of the hydrochloride is possibly due to dipentene (the 
tcrebene of Bruylants?). 

Camphor and Borneo!. The presence of camphor in rose¬ 
mary oil was first observed by A. Lallemand'). Later |. dc 
Montgolfier'') showed that rosemary camphor is a mixture of 
the dextrogyrate and tevogyrate modifications. Bruylants") found 
that the stearoptene which crystallizes from the high boiling 
fraction of the oil consists not only of camphor, but also of 
borneol. In the oil, which, as previously stated, was grossly 
adulterated, Bruylants found 4 to 5 p. c. of borneol and 6 to 
8 p.c. camphor. Hence pure oil must contain appreciably more 
of both substances. Gildemeister and Stephan") determined the 
borneol content by acetylation and in two cases found 16.8 and 
18.8 p.c. respectively. This assumes that rosemary oil contains 
no other alcohols, such as linalool and geraniol. 

According to A. Haller*) camphor can be separated from 
borneol by heating the mixture with succinic acid whereby the 
borneol is converted into the acid succinate. According to Haller 
the borneol in rosemary oil, like the camphor, is a mixture of 
the optical isomers, 

judging from the saponification value, rosemary oil contains 
small amounts of esters, presumably of borneol. The acids thus 
combined have not yet been identified. 

Properties. With regard to the specific gravity and optical 
rotation of commercial oils (Dalmatian, French and Spanish) the 
following general statements may be made. The specific gravity, 

*) Liebig's Anrtalen 114 (1860), 197. 

-) Bull. Soc. chim. II. 2;> (1876), 117; Chem. Zentraibl. 1876, 102, 

") Loc. cit. 

‘) Compt. rend. 108 (1889). 1308. 
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for the most part, lies between 0.900 and 0.920, sometimes a 
little lower, but not below 0.894. The optical rotation is mostly 
dextrogyrate (up to \ 15°). However, Isevorotation has been 
observed in connection with French and Spanish rosemary oils 
that were unquestionably pure (see below). Hevertheless, in most 
instances, laevorotation is due to adulteration with turpentine oil. 

Upon fractionation of dextrogyrate oils in a Ladenburg flask, 
the first lOp. c. also show dextrorotation as a rule, though 
occasionally the first lOp.c. of unadulterated oils was laevogyrate. 
The cause for this peculiarity is not understood. A. Birckenstock') 
believes that the season exercises an influence on the rotation 
of the oil. Thus he observed in connection with French oils that 
those distilled in spring were either laevogyrate or less strongly 
dextrogyrate than those distilled from plants from the same locality. 


French distillates of , «d “d ot the 


A. Birckenstock 

d,».. 

of the oil 

first 10 p.c. 

Herault, spring (April) .... 

0.9121 

-i 6 " 32' 

- 4°10' 

Herault, summer ()uly) .... 

0.9115 

' 8’17' 

-0''28' 

Herault, fall (End of Movember). 

0.9086 

H ir 

1 r58' 

Cannes, spring (13. April) . . . 

0.9130 

-0°57' 

-13“ 38' 

Cannes, summer (End of [une) . 

0.9118 

1 5" 57' 

-2“4' 

However, generalizations are 

not permissible on 

the strength 


of these observations, for observations made in connection with 
Spanish material, yielded opposite results. Oils distilled in spring 
as well as in fall yielded first 10 p.c. fractions with higher angles 
than those of the original oil. 


Spanish distillates of 
A. Birckenstock 

May. 

October. 


“d “d of the 

of the oil first 10p.c. 
0.8851 -l'?°47' +14'’29’ 

0.9031 +3" 12' -IS” 30' 


The English oils from cultivated rosemary seem to be mostly 
laevogyrate-). They are rarely dextrogyrate”), even though 
distilled in fall*). , 


') Moniteur scientif. Quesneville, May tSOfi, 353; |oum. Parfum. et 
Savonn. 21 (1908), 231. 

'0 ). C Sawer, Odorographia, vol. I. p. 370. 

“) H. J. Henderson, Pharmaceutical |ourn. 71> (1907), 599, 695 ; 8.5 (1910), 
541. — Perfum. Record. 4 (1913), 366. 

* *) Report of Schimmel 8i Co. October IIHH, 82, footnote 1. 

Gildemeister, The volatile oils. ill. 27 
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Even the Spanish oil which, as a rule, is strongly dextrogyrate, 
occasionally affords examples that are Isvogyrate («„ —2°50') 
as shown by Schimmel Co. ') 

Inasmuch as the properties of the three important commercial 
oils differ, they are herewith recorded separately. 

Dalmatian Rosemary Oil. d, 5 „ 0 . 8 Q 4 to 0.912, for the most 
part not below 0.900; ((j, dextrogyrate, -f-0'43' to -|-5°53'; in 
only two out of more than 100 examinations higher values were 
found (+7° 20' and |-ir23'), and in one instance only slight 
lasvorotation was observed (— 1 °; Oj, of the first lOp.c. + 0 °). 

«j, of the first 10 p.c.-) dextrogyrate, at times higher, at 
times lower than the original rotation, in one instance only 
slightly Ijevogyrate (—0°28'). 

n„j„. 1.466 to 1.468; A.V. up to 0.7; E.V. 5 to 20 = 1.8 to 
7 p.c. bornyl acetate; E. V. after acetylation 30 to 50 — 8.4 to 

14.3 p.c. Ci„HisO. Mostly soluble in 80 p.c. allfchol (1 to 8 vol.). 
Of 90 p.c. alcohol 0.5 vol. or less suf^ce ordinarily. In individual 
cases up to 1 vol. is required. * 

French Rosemary Oil. d, 5 .0.900 to 0.920; mostly dextro¬ 
gyrate, up to + 13° 10', in isolated cases also slightly laevogyrate; 
«j, of the first 10 p.c. ordinarily dextrogyrate, sometimes higher 
sometimes lower than the original rotation, rarely slightly laevo¬ 
gyrate; n„j,„, 1.467 to 1.472; A.V. up to 1.6; E.V. 3 to 14 1 to 

4.9 p.c. bornyl acetate; E.V. after acetylation 29 to 42 =- 8 to 

11.3 p.c. The solubility is the same as that of Dalma¬ 

tian oil. 

Spanish Rosemary Oil *)») *)''). dj^. 0.900 to 0.920, but fre¬ 
quently somewhat below 0.9; aj, —5°10' to -f ir30', mostly 
dextrogyrate; «„ of the first 10 p.c. at times dextrogyrate, at times 
laevogyrate. A.V. up to 1.5; E. V. 2.3 to 16.7 = 0.8 to 5.8 p.c. 
ester; E.V. after acetylation 35 to 50 — 9.8 to 14.3 p.c. alcohol 
CjoHigO. The solubility is the same as that of the French oil. 

‘) R'^rt O'., Schimmel 8; Co. October 1910, 112. 

*) For detail^ee under Exanlination on p. 420. 

^ A. Birckenstock, Moniteur scientifique fie Quesneviile, May 1906, 353. 

*) P. leancard and C. Satie, Americ. Perftjmer 6 (1911), 6. 

") E. 1. Parry and C. T. Bennett, Chemist and Druggist 68 (1906), 671. * 
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“Rosemary Oil COURANT” such as is occasionally offered in 
the trade fs either a distillate of rosemary and of Spanish sage^) 
or of the latter alone. The constants of such oils are: d,,,0.9258 
to 0.9356, «j, + 14 to +29°, Uj, of the first 10 p.c. +0°40' to 
+ 12°, 1,469 to 1.471, A.V. up to 1.0, E.V. 30.7 to 50.9 = 

10.7 to 17.8 p.c. ester, soluble in 0.7 to 2 vol. and more of 80 p.c. 
alcohol, individual oils are soluble in 70 p.c. alcohol (3 to 5 vol.). 

Of less importance are the following oils: — 

Tunesiam Rosemary Oil-)’). d„,0.914 to 0.926; —0°50' 

to •|-3"40'; E.V. 4.8 to 8.4 — 1.7 to 2.9 p.c. ester; E.V. after 
acetylation 43.4 to 53.2 =- 12.3 to 15.24 p.c. ester; soluble in 1 
to 1.5 vol. and more of 80 p.c. alcohol. 

English Rosemary Oil‘). d„. 0.901 to 0.924; —9°35' 

to +2" 32'. 

Greek Rosemary OIL’) (2 oils). di,,0.9l0 to0.915; tt^ + r7; 
to+r37'; of the first 10 p.c.-1°30'to-4°10'; A.V. 0.5; 
E. V. 5.0; E. V. after acetylation 22 (A. V., E. V., E. V. after acety¬ 
lation each 1 determination); soluble in 1 vol. and more of 80 p.c. 
alcohol. 

Corsican Rosemary Oil"), di,. 0.9018; t(„ + l7"32'; nj,of 
the first 10 p.c. +15"32'; E.V. 36.0; E.V. after acetylation 83; 
soluble in 1 vol. and more of 90 p.c. alcohol. 

Sardinian Rosemary Oil"), dj,.0.9028; flfj, + l7°20'; of 
the first 10 p.c. +14"; A.V. 1.0; E.V. 32.9; soluble in 10 vol. and 
more of 80 p.c. alcohol. 

Examination. In testing rosemary oil special attention should 
be given to the specific gravity and angle of rotation which 
should correspond with the statements made under Properties. 
Turpentine oil, no matter from what source, lowers the specific 
gravity. Unless the amounts are insignificant, the presence of 


‘) Report ot Schimmel 6 Co. October 1904, 82. 

*) P. jeancard and C. Satie, Americ. Perfumer C (1911), 6. 

’) Report of Schimmel S Co. October 190», 61. 

*) R. A. Cripps, Pharmaceutical )oum. 111. 21 (1891), 937. — Report of 
Schimmel St Co. October 1904,82. — H.). Henderson, Pharmaceutical |oum. 
79 (1907), 599 ; 85 (1910), 541. - Perium. Record 2 (1911), 141., 

*) Report of Schimmel S Co. April 1910, 112. 

*) Observation made in the laboratory of Schimmel S Co. 

27* 
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French turpentine, oil causes a change in the angle to lasvo- 
rotation. In order to detect the presence of small amounts which 
do not reduce the specific gravity to less than 0.9000 and do 
not reverse the angle of rotation'), 5 ccm. are fractionated from 
50 ccm. oil in the Ladenburg flask described in vol. I, p. 566. 
The first 10 p.c. are then examined with the polariscope. So far 
as pure oils are concerned, this fraction will, as a rule, be dextro¬ 
gyrate. However, if but small amounts of French turpentine are 
present, the first 10 p.c. will be laevogyrate. (See also p. 417.) 

Fractions of camphor oil are also frequently used as adulterant'). 
For the most part these change some one characteristic property 
of rosemary oil, either the angle of rotation (which is mostly 
increased) or the specific gravity or the solubility in 80 p.c. alcohol. 

766. Oil of Prostanthera cineolifera. 

The genus Prostanthera, family iMbiatae, comprises about 
50 species, all of which are natives of Australia. The species 
P. cineolifera was first described by R. T. Baker and H. G. Smith -). 
The fresh herb yielded 0.71 p.c. of a yellowish oil which soon 
turned brown upon exposure to the air. d,,., 0.9204; n,).,„. 1.4711. 
The oil deprived of phenols and aldehydes showed (Jj,- 1-4.1°; 
S. V. 9.9; S. V. after acetylation 34.2. The S. V. of the acetylatcd 
oil, when saponification was eff|cted in the cold, was 18.3. In 
the saponification liquid of the high-boiling portions of the non- 
acetylated oil acetic acid was found. Of phenols both carvacroi 
and thymol were found. In addition the oil contained cuminic 
aldehyde (m.p. of phenylhydrazone 126 to 127°), p-c/mene (m. p. 
of /9-hydroxy/sopropyl benzoic acid 155°), pinene (?), and as 
principal constituent cineoi (about 61 p.c., determined by means 
of the resorcinol method). 

A sample sent by Baker and Smith was examined by Schim- 
mel 2| Co. with the following results: It was a light brownish 
liquid, the odor of which resembled that of the oils of eucalyptus 
and cajuput. d^, 0.9477; a|,-l-3°58'; np^t,. 1-47319; A.V. 2.7; 
E. V. 17.4; soluble in 1 vol. and more of 80 p.c. alcohol. The 

') Report of Schimmel 8i Co. April 189S, 69. - Comp, ibidem April t90.'>, 
70, and Perfum. Record 4 (1913), 270. 

*) )ourn. and Proceed. Royal Soc. of N. S. W. 48 (1912), 103. — Report 
of Schimmel Co. October 1918, 89. 
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cineol content amounted to about 35 p.c. (resorcinol method), 
the phenol content about 2 p.c. 

767. Oil of Lavender. 

Oleum Lavandulae. — Lavendelol. — Essence de Lavande. 

Origin. True lavender, Lavandula vera, D.C. (A. officinalis 
Chaix; A. Spica var. «, L.; A. angustifolia, Mnch.) occurs widely 
distributed throughout the Mediterranean region. In the Maritime 
Alps of southern France, more particularly at altitudes of from 
700 to 800 meters it covers large areas and is there known as 
lavande veritable or as lavande femeUe'). As pointed out by 
L. I-amothc in his brochure on lavender-’), )ordan recognizes two 
sub-species of the true lavender, namely Livandula fragrans'-^) 
(lavande odorante, I. moyenne) and Lavandula delphinensis, )ord. 
(petite lavande, A fine)*) which yields the best oil. The former 
is widely distributed and occurs at the lower altitudes, whereas 
A. delphinensis occurs exclusively at the highest altitudes. 

In addition there is a cross between A. latifolia (spike) and 
A. fragrans, which Reverchon'') designates A. hybrida, C. Chate- 
nier A. fragrans x latifolia and Briquet") A. Liurnati (grosse 
lavande, A batarde, lavandin, spigoure). 

According to Lamothe the distillers use the following desig¬ 
nations for the several varieties; — 

\. Petite lavande. This variety yields the best oil. It is more 
resistant and makes fewer demands than do the other two varie¬ 
ties that grow at lower altitudes. 

2. Lavande moyenne. This yields a less fine quality, but 
nevertheless useful oil. 

3. Grosse lavande. Bastard, yields an inferior oil. Not to 
he confounded with grande lavande (spike). 

*) The designation “femelle" as contrasted with “maie" when appiied to 
spike is used t6 indicate differences in size, not in sex characteristics. 

^ Lavande et Spic. 2. ed. Le Grand-Serre (Drdme) 1908. 

") L. fragrans, lord, is not mentioned in the Index Kewensis. L. fragrans, 
Salisb., however, is and is given as a synonym for L. Spica, Cav. 

*) = L. defphinensis [loss.], Briqu.? 

') According to the Index Kewensis L. hybrida, Reverchon and L. defphi- 
nensis are identical with L. Spica, Cav. 

") In Cngler's Pflanzenfamilien (vol. IV, 3a, p. 228). 
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Production. The method of production which has long been 
in use in France is that of water distillation (figs. 33 to 36) which 
is adapted to the itinerant still, hence likewise used in the other 
countries. The still is charged with plant material and water 
and heated over direct fire. This method is convenient in so far 
as the stills can be carried from place to place wherever there 
are sufficient plants. Hence a distant transportation of plant 
material is avoided. This water distillation method, however, 
yields lavender oils with an ester content up to 40 p.c. only, for 
the distillation lasts very long so that the linalyl acetate is ex¬ 
posed during all this time to the saponifying action of the boiling 
water. If, however, steam distillation be employed /. e. if the 
stills filled with flowers are distilled with steam that has been 
generated in a separate boiler, as rapidly as possible, there re¬ 
sults not only a larger yield, but the oil itself is more valuable 
containing as much as 50 to 55 p.c. ester and even up to 60 p.c. 

Schimmel 8) Co. were the first to recognize the fundamental 
difference in the two methods of distillation ^in 1905 erected 
a facto^, in Barreme (Department Basses-Alpe^^^-which lavender 
oil is distilled by means of steam (see illustration p. 425). 

The influence which the method of distillation exerts in the 
preservation of the esters has been ascertained experimentally 
by Schimmel 8i Co.*) The ester content of oils proved very 
different for those distilled by the steam method and those distilled 
by the water method, as praeticed in southern France, from the 
same material. In the latter instance 50 to 60 kg. of flowers 
were covered with a like amount of water — for dry flowers 
somewhat more was taken - - and the oil distilled in the ordinary 
manner from one of the usual stills. 16 L. of distillate were 
collected and the following results recorded: — 



' Oil 
yield 1 
p.c. 

diG® 

1 

“d 

1 

p.c. 

ester 

Solubility 
in 70 p.c. alcohol. 

1 Steam distillation 

0.81 

0.8894 

—8°4’ 

50.9 

- —r 

Soluble in 6 to 7vol. and more 

1 

1 Water distillation 

0.71 

0.8871 

- 6° 47' 

44.0 

with slight opalescence. 
Soluble in 3 vol. and more. 

Steam distillation 

0.82 

0.8905 

-8° 

53.7 

Soluble in abt. 7 vol. and. 

Water distillation 

0.75 

0.8880 

1 

-6'’21' 

43.6 

more with_ slight turbiditj'. 
Soluble in 3.3 vol. and more. 


*) Report of Schimmel S Co. April 190J, 63. 




FSrt ‘Ifl HHtniAratMit cftiltll ffmr off ^r}liiitiniinni(e:ll ft Oo. W Ct^SffeHl^imft OflSSCS'AIoCS). 
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The loss in ester when the old method is used as compared 
with the results obtained according to the steam distillation 
method is appreciable. In one instance it amounted to 7 p.c., 
in another even to 10 p.c. Moreover, the steam distillation method 
affords a somewhat larger yield. 

If the above data prove sufficiently the advantages of the 
steam distillation method, the rapidity with which the distillation 
is conducted is likewise of importance so far as the preservation 
of the esters is concerned as was demonstrated by numerous 
experiments. The faster the distillation is conducted, the higher 
the linalyl acetate content. Corresponding to the rapidity of 
the distillation oils with a 4 p.c. increase in ester content were 
obtained from the same plant material. 

From fresh flowers a yield of 0.8 p.c. is obtained, from dry 
flowers up to 1.5 p.c. During drying the flowers suffer a con¬ 
siderable loss in weight which varies from 35 to 47 p.c. according 
to the length of drying period. Not only is moisture lost, but 
a part of the oil as well, as can be seen by computing the oil 
yield with reference to the fresh material. Inasmuch as the oil 
from dry material has a higher density and a higher ester content, 
it becomes apparent that, in the process of drying, the flowers 
suffer a loss principally of the more volatile constituents of the 
oil, the terpenes. The data contained in the following table may 
serve as commentary in this regard. 


Yield of oil 
Loss computed 
Material used ' upon ' with refer. 

; drying to fresh 
|| flowers 


p.c. Solubility in 
''ft ester 70 p.c. nicohol 


I a) Fresh flowers . ^ | 

1. b) The same after ' I 
I drying 1‘A days ;j3,'5 p.c. j 
la) Fresh flowers . 

2. b) The same after I 

I drying 4 days . 47 p.c. i 
I a) Fresh flowers . i 

3 .1 b) The same after ; 

I drying 5 days . r47p.c. j 


0.84 p.c. 0.8801-7"20'1.50.3 

0.79 p.c. 0.8905; ■7'’33'i5l.8 
0.87 p.c. 0.8859 - 9“4' 146.9 


0.79 p.c. 0.8884 ,-9'’33'149.2 


0.80 p.c. 0.8875 


-8° 10''47.1 


0,72 p.c. 0.8899 i-8°44'; 51.1 


I Solublemovol.and 
more with slight 
. turbidity.Opales- 
I cence rcm. after 
} additionof 10vol. 

I Soluble in abt, 4.5 
vol. a. more, with 
opalescence. 


Sol. in 3 vol. a m. 


Sot. in 4.2 vol. a. m. 


Small losses in the ester content naturally take place during 
the drying of the lavender flowers. However, they are small and 
amount to but 10 to 25 p.c. of the total oil loss. 
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From what has been said about the distillation of lavender, it 
follows that the largest yields ol oils with the highest ester content 



are obtained when lavender flowers are distilled very fresh and 
when the steam distillation is conducted as rapidly as possible. 


Fig. 32. Lavender oil factory of Schimmel S Co. in Barreme after its enlargement in 1912. 
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The distillation is conducted during that period when the 
flowers are in full bloom, namely, from early July to early 
September. To distill later is not advisable, as a rule, since the 
quality of the oil decreases. Inasmuch as the inflorescences also 
lose flowers, the yield likewise diminishes. 

The blossoms are not the only part of the plant used in 
the distillation, but the entire inflorescence, including the upper 
green leaves. Strictly speaking these should not be included 
but they mostly are. On the other hand, the woody parts of 
the plant are not used. In one instance in which a poorly-cut 
material was used intentionally the yield dropped to 0.5 p.c. 
However, the properties of the oil, especially its ester content. 
Were the same as those of oil distilled from normal material; 
d,s.0.8910; ((j,--8"13'; 51.6 p.c. ester; soluble in about 6 vol. 
and more of 70 p.c. alcohol, with slight turbidity. The inference 
•is that the woody parts contain little oil or none whatever. 

According to Lamothe the yield under ordinary conditions 
amounts to 0.69 p.c., in dry years 1 p.c. More favorable are 
said to be the results obtained from artificial stands, viz., 0.8 p.c. 
Compare herewith the statements above made by Schimmel 8; Co. 

Development of the oil in the plant. The changes which the 
oil undergoes during the development of the plant have been 
studied by E. Charabot*) in connection with three oils, obtained 
from plants with floral buds, from flowering plants and from 
plants after the flowering period. The results became apparent 
from the following tabulation:— 


Ii • 

Oil from i 


Oil from 

li 

plants bearing 
buds 

flowering plants 

plants after 
flowering 

specific gravity at 15'’. 

0,8849 

0.8854 

. 0.8821 

Optical rotation (100 mm.) . . i 

- 6“ 32' 

! ,--6° 48' 

-e’oo' 

Unalyl acetate. 1 

36.6 p. c. 

i 40.4 p.c. 

39.75 p.c.. 

Free iinalool. 

Free acetic acid in 100 ccm. aqueous Ij 

21.0 p.c. 

1 16.7 p.c. 

1 

1 18.9 p.c. 

distillate. 1 

0.5241 g. 

' 0.4716 g. 

0.3846 g. 


From these data Charpbot draws the following conclusions, 
namely, that during the development of the lavender plant the 


') Compt. rend. ISO (1900), 257. 
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same changes take place as those observed in connection with 
the bergamot fruit. The linalool, which is produced first, under 
the influence of free acetic acid is changed into linalyl acetate, 
which attains its maximum during the flowering period of the plant. 

Distribution of Lavender in Southern France. The location 
of the lavender districts in southern France is indicated on the 
accompanying map. A study of this map reveals that the best 
oil with higher ester content is obtained from the higher regions, 
the less desirable from the lower regions. As to whether the 
altitudeas such exercises an influence on the composition of 
the oil remains undecided. A possible explanation for the lower 
ester content of the oils from lower altitudes may be looked for 
in the fact that in these lower ranges spike grows together with 
lavender, as does also the cross between the two which will 
be described below. Inasmuch as these plants are not always 
strictly differentiated while gathering material for the stills, the 
lavender oil of these regions is mixed more or less with spike 
oil which has a much lower ester content than pure lavender oil. 

When lavender and spike grow together crossing of the two 
species takes place: la lavande s’aspique, as the French put it. 
The cross (Lavandula fragransx latifolia, Chatenier; L.Burnati, 
Briq.), which is mostly designated lavandin^), is also known by 
other names in southern France; lavande batarde, grosse lavande, 
badasse, spigourc, S(c. . As to the development of its flowers, 
it is about fourteen days later than lavender proper, a peculiarity 
that is in harmony with its crossed character of lavender and 
spike, since the latter flowers even later, namely, early in 
September. Lavandin predominates in the zone of the stone 
oak and even passes beyond it. A broad band of its occurrence 
passes through the former Provence, now the Departments Drome, 
Vaucluse, Basses-Alpes, Sc. to the summits of the hills to the south. 

.Like all bastards the lavandin prospers remarkably well 
and on account of its luxuriant development endangers the 

*) Comp, (eancard and Satie, Bull. Soc. chim. III. 2* (1900), 549; IV. 3 
(1908), 155. 

-) L. Lamothe, Lavande et Spic, 2. Aufl., Le Grand-Serre (Drdme) 1908; 
Parfum. modeme a (1912), 9. Comp, also A. Birckenstock, Action de i’hybri- 
dation sur les essences de lavande et aspic. Moniteur scientifique de 
Quesneville, May 1906. 
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lavender plants proper, depriving them of air and nourishment. 
It causes worry to see how this cross year after year conquers 
more territory, all the more since it is avoided by grazing sheep 
and goats on account of its bitter taste, whereas the genuine 
lavender is at times a welcome substitute for grass. 

In spite of its bitter herbaceous and camphor-like odor 
which is greatly inferior to that of lavender, considerable quantities 
of lavandin are distilled. Lamothc') estimates the amount of 
lavandin oil which annually finds its way into the market as 
about of the total production, /. e., about 12000 kg. lie 
regrets this fact and warns against the distillation of lavandin 
flowers although with less labor they afford a better yield, for they 
produce an inferior oil, hence may injure the dominant position 
of the French lavender oil. As to the relative yields Lamothe 
makes interesting comparisons which are herewith reproduced. 
In the same time which is required to gather 55 kg. of flowers 
from genuine lavender, it is possible to gather without exertion 
400 kg. of lavandin blossoms which are much more profuse. 
Of the latter only 77 to 80 kg. are required to produce 1 kg. of 
oil, whereas of the genuine lavender plant 145 kg. are necessary. 

Concerning the lavandin oil itself Lamothe makes the state¬ 
ment that in the samples distilled by himself he found an average 
ester content of 24 p.c. Inasmuch as a lavender oil with a 
30 p.c. ester content is regarded as low, the inferiority of the 
lavandin oil is clearly apparent. 

Lamothe suggests to eliminate this cross from all utilization. 

Oils of deviating properties, /. e. such as are characterized 
by a very low ester content of from 20 to 30 p.c. without being 
adulterated are produced in the Alps along the Franco-ltalian 
border. According to A. Birckenstock'*) the annual production 
is sufficiently high (about 5000 kg.) so that the peculiar properties 
of these oils warrant consideration. They have a very fine 
bouquet, but the “body" is wanting. The constants of these 
oils are recorded under Properties on p. 435. 

Production. According to Lamothe “) the following departments 
of southern France come into consideration so far as the production 

*) Parfum. moderne « (1912), 9. 

*) Loc. cit. 
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of lavender oil is concerned: Drome with 28000 kg., Basses-Alpes 
with 12000 kg., Vaucluse with somewhat more than 10000 kg., 
Ardechc with 200 kg., a total of more than 50000 kg. In several 



* Fig. 33. Distillation of lavender in the vicinity of Sederon, 

other departments only small amounts of oil are produced which 
exert no influence on the market. 

In the department Drome the oil production is distributed 
over the several cantons as follows: La Motte-Chalan^on and 
Sdderon each 4500 kg., Luc-en-Diois 3000 kg., Bordeaux, Saillans, 
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Remuzat each 2500 kg., Dieulefit, Nyons, Buis-les-Baronnies each 
2000 kg. from the best lavender; in the districts Pierrelotte, 
Grignan and Saint-Paul-Trois-Chateaux together 2500 kg. of 
lavandin oil, As already stated, the entire department totals 
an average of 28000 kg. oil. 

The principal production centres in the Department Basses- 
Alpes are the Lure mountain chain, further Cruis, Mallefougasse, 
Saint Etienne, Banon, Forcalquier, Chateauneuf, Valbelle, Sisteron, 
the vicinity of Barreme, Clumac, Lambruisse, Tortonne, Castellane 
and Senez. 

Cultivation. The cultivation of lavender in southern France 
is becoming more and more an object of general interest. 
Professional journals as well as the daily press are endeavoring 
to direct the attention of the agricultural population to this new 
source of industry’). 

By suitable methods of cultivation at appropriate altitudes, 
both growth and flower production can be increased. According 
to E.Zacharewicz") cultivation may undertake to improve a natural 
lavender field or to proceed with seeds or cuttings (eclats). 

According to the first plan a natural lavender area is so 
ploughed during the month of March — more recently a hoe 
(houe canadienne) is employed — so that rows of lavender 
plants a meter apart result. This results in the destruction of 
some lavender plants, it is true, but the loss thus suffered is 
more than compensated by proper cultivation, for the yield is 
again as great. 

On the other hand, a lavender culture may be started with 
either seeds or growing plants. Seeds are cheaper, but growing 
plants afford greater returns during the first years thus equalizing 
the greater initial expense. 

Transplanting may be done either in fall or spring. If on 
account of the altitude there is danger from frost, it should be 
done in spring. The plants are set out in rows a meter apart, 
60 cm. in the row, so that a hectare (2Vi acres) requires 16600 plants. 


*) Le Reveil Agricole 1907, p. 373, 374 and 389; Rev. de Grasse 50 (1907), 
No;35 and 46; 61 (1908), No. 28 and 32. Le Ventoux (Carpentras), 1907, No. 300. 

*) Culture de /a tavande vraie. Bulletin mensuel du Syndicat Agricole 
Vauclusien 28 (1907), 230. 
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Sowing can be done either in fall or spring. If the winters are not 
severe fall sowing is preferred. The seeds are placed 2 to 3 cm. 




deep in rows a meter apart. For an area of 1 sq. meter 1 g. 
of seeds are taken, hence for a hectare 10 kg. are required. Two 


Rg. 34. Fig. 35. 

Distillation of lavender in the vicinity of Sederon (Basses-Alpes). 
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cultivations are required, one at the beginning of winter, the 
other in March. During the latter, the artificial fertilizer which 
has previously been spread between the rows, is worked under. 

According to Lamothe') the best fertilizer is the artificial 
which increases both the amount of blossoms and the yield of 
oil. For level areas he recommends a mixture of 100 to 120 kg. 
soda saltpetre, 300 kg. superphosphate and 100 to 150 kg. kainitc. 
For lavender gardens that are located on slopes the soda salt¬ 
petre is replaced by ammonium sulphate (120 to 150 kg.). To 
those who do not want to apply the artifical fertilizer on account 
of the expense, Lamothe suggests to plant the lavender rows 
1.50 to 2 m. apart and to sow a kind of sweet clover (Ono- 
brychis sativa, L., Leguminosae), known as esparsette, between 
the rows. Like the lupine this is ploughed under every two or 
three years in order to supply the soil with nitrogen. Aside 
from the fertilizing, a surface cultivation of the soil is required 
toward the end of March, and a deeper cultivation in longer 
intervals. In addition, the dry wood and dead plants should be 
removed twice each year. 

In order to insure better financial returns, Lamothe suggests 
to combine the cultivation of lavender with that of mushrooms. 
Some farmers are already said to have effected this combination. 
Inasmuch as the oaks for this purpose are planted at distances 
of from 7 to 8 m. the intervening space can well be planted 
with lavender. In the place of the oaks, almond trees or other 
nut trees can be used. 

According to Lamothe, the cutting should not begin too 
early, not before August, so that the seeds may mature well 
and may be saved. Inasmuch as they demand a price of from 
15 to 20 francs their harvest may add to the financial success. 
On the other hand, to postpone cutting unnecessarily is not 
advisable since the September fogs injure the blossoms by 
facilitating the growth of a fungus about which, as yet, nothing 
special is known. Rain also is harmful. The flowers should 
be cut only during dry weather. Weeds are another enemy, 
especially a species of Cuscuta (Ger. Flachsseide) which should 
be exterminated. Sheep and goats also greatly injure the fields. 

’) L. Lamothe, Lavande et Spic. 2"^ ed. Le Grand-Serre (Drdme) 1908. 
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Fnff of lavenider oil near lEscrapnolles (D^partement des Aipes-Marithnes), southern France. 
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Production of Lavender Oil in England. Compared with tlic 
French the Engli-sh lavender oil industry is of minor significance. 
Whereas in France the wild plant is mostly used, in England 
the cultivated plant is exclusively employed. The lavender 
gardens are found in Mitcham, County of Surrey, in Carshalton, 
Beddington and Wallington, also in Canterbury (Kent), Hitchin 
(Hertfordshire), in Market Deeping (Lincolnshire) and Broad- 
stone (Dorsetshire). The distillation which begins in the early 
weeks of August, is conducted in the same stills in which that 
of peppermint has been carried on. The yield is stated to be 
0.8 to 1.7 p.c. of the fresh flowers. 

So-called Spanish lavender oil is obtained from an unknown 
species. According to its properties it is to be designated as 
a spike oil and will be described as such on page 436. 

Properties. French lavender oil is either a colorless-) or 
yellowish or greenish-yellow liquid possessing the pleasant 
characteristic odor of lavender flowers, and a strongly aromatic, 
slightly bitter taste, d,^. 0.882 to 0.896; <(„ — 3 to — 9°; n„.j„J .460 
to 1.464. At 20” it is as a rule soluble in 2 to 3 and more 
volumes of 70 p. c. alcohol, occasionally with slight opalescence. 
Some oils, particularly those obtained by steam distillation (see 
p. 422 and 435), required up to 10 vol. of 70 p.c. alcohol to 
effect solution. In individual cases even these solutions arc 
slightly turbid. If in doubt as to the cause of the turbidity, a 

*) Additional details about the cultivation and distillation of English 
lavender may be found in the following publications; E. M. Holmes, Pharma¬ 
ceutical journ. 111. 8 (1877), 301. — Fliickiger and Hanbury, Pharmacographia 
p. 477; ). C. Sawer, Pharmaceutical )ourn. Ill. 20 (1890), 659 and Odorographia, 
London 1892, vol. I., p. 356. — Chemist and Druggist 80 (1891), 398. Phar¬ 
maceutical )ourn. 58 (1897), 52. — Brit, and Colon. Druggist 84 (1898), 338. 
— Chemist and Druggist 03 (1903), 825. — Americ. Perfumer 2 (1907), 133. — 
Chemist and Druggist 72 (1908), 537. — Chemist's and Druggist's Diary 1008, 
236. — Pharmaceutical )ourn. 88 (1909), 532. — Perfum. Record. 1 (1910), 96; 

2 (1911), 231. - Parfum. moderne 3 (1910), 29; 4 (1911), 57. - Bull. Imp. Inst. 

9 (1911), 401. — Chemist and Druggist 82 (1913), 399. 

*) For the most part only the rectified oils are colorless. However, 
rectification of lavender oil is quite irrational, since it destroys in part the 
linalyl acetate, its most important constituent. Moreover, rectified oils have 
invariably a stale odor. (Report of Schimmel £i Co. (October 1894, 32.) 
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detailed examination of the oil becomes necessary. For the oils 
that are readily soluble in 70 p. c. alcohol, it required 5 to 6 vol. 
of 68 p. c. alcohol, and about 3 to 4 vol. of 69 p. c. alcohol to 
effect solution according to the ester content. Even then the 
oils richer in ester show an opalescence that docs not disappear 
upon the addition of more solvent. 

The linalyl acetate content of ordinary commercial oils as 
a rule amounts to 30 to 40 p. c., but in the more rationally 
steam-distilled oils rises to above 50 p. c. According to the 
ester content, which is indicative of the value of the oil, lavender 
oils are grouped into several classes, namely those with about 
30 p. c., 35 p. c., 40 p. c. and 50 p. c. and above. Most of the 
pharmacopoeias are content with a 30 p. c. content, some pay 
no attention whatever to the amount of ester. Oils with less 
than 30 p. c. linalyl acetate are, for the most part, adulterated. 
Rarely is the low ester content due to the source of the flowers 
(sec below) or to imperfect methods of distillation whereby part 
of the ester is destroyed. 

In connection with lavender oils, steam-distilled by themselves 
in southern France, Schimmel 8) Co.') observed the following 
properties: - 

Barreme Oils. Sault Oils 


d.5. • ^. 

. 

Ester. 

Solubility in 70 p.c. ale. 


0.886 to 0.896 0.885 to 0.891 

-7Mo ~9"33' -7 to -8" 

47 to 56 p.c. 36 to 43 p.c. 

Soluble in 3 to 7 vol. and more, Soluble in 3 to 
occasionally with opalescence 10 vol., solution 
or slight turbidity. mostly clear. 


The same firm also reports on an oil”) that had been 
distilled from lavender grown in Miltitz near Leipzig: djj.0.8888; 
('i. —8"40'; njj5„J.46010; A.V. 0.5; E.V. 157.6--55.1 p.c. of 
linalyl acetate; with 10 vol. and more of 70 p. c. alcohol it yielded 
a turbid solution. 

As already pointed out on p. 428 the oils produced by water 
distillation in the Franco-ltalian Alps show a specially low ester 
content. At the same time they are characterized by a low 


') Report of Schimmel 5 Co. April 66. 

*) Ibidem October 1909, 73. 

28 * 
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specific gravity and a high optical rotation. A. Birckenstock*) 
records the following limit values: d,,,. 0.878 to 0.882i —8 to 

-9°; ester content 20 to 30 p. c.; soluble in 10 to 12 vol. of 
60 p. c. alcohol. 

Of a similar nature are the data recorded by P. Jeancard 
and C. Satie-) concerning the lavender oils from the Italian Alps; 
dj,,. 0.8826 to 0.8870; - 6 ’ to —9 30'; ester content 20.3 to 

29.6 p.c.; soluble in 1.7 to 2.4 vol. of 70 p.c. alcohol and in 
2 to 4 vol. of 65 p.c. alcohol. Many oils are soluble even in 
60 p.c. alcohol (6 to 8 vol.). 

The following observations have been .recorded in the 
laboratory of Schimmel 8 ; Co. in connection with an Italian oil 
distilled in Vinadio (Alpes-Maritimes): d,.,. 0.8824; (f„--6’45'; 

32.8 p.c. ester; soluble in 3 vol. and more of 70 p.c, alcohol. 

Oils of low ester content are also afforded by the so-called 

lavandin, a cross between lavender and spike (see p. 427). 
Their properties are intermediate between those of lavender and 
spike, and differ from the Italian oils in that their specific gravity 
is high and the optical rotation low. In connection with two 
characteristic lavandin oils, Birckenstock (he. cit.) determined 
the following constants: d^,,.0.9027 and 0.8995; — O^^O' and 

— r‘35'; ester content 6.23 arid 9.12p.c.; alcohol content (Ci„H,„0) 

34.8 and 36.5 p.c.; soluble in 3 vol. of 65 p.c. alcohol. Schimmel 
8 ( Co.*) observed: dj,,.0.8911; Kj,— 3'’25'; 18 p.c. ester; soluble 
in 2 vol. and more of 70 p.c. alcohol. In connection with lavandin 
oil distilled by himself Lamothe*) observed 24 p.c. ester. 

Commercial Spanish lavender oil, about the botanical origin 
of which nothing definite is known, has almost the same pro¬ 
perties as oil of spike. It differs from spike oil only in that it 
is mostly laevogyrate: d, 5 .0.900 to 0.914; laevogyrate up to 
-5 ', exceptionally slightly dextrogyrate, up to of the 

first 10 p.c. of the distillate mostly dextrogyrate, rarely laevo¬ 
gyrate; 1.464 to 1.466; A.V. up to 2; E.V. 5 to 22 = 1.8 to 
7.7 p.c. ester computed as linalyl acetate. It is soluble in 1.5 

*) Action de I'hybridation stir les.essences de lavande et aspic. Moniteur 
scientifique de Quesneville, May 1906. 

*) Bull. Soc. ctiim. IV. 3 (1908), 155. 

*) Report of Schimmel S Co. April 1912, 87, footnote. 

*) Parfum. moderne 5 (1912), 9. 
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detailed examination of the oil becomes necessary. For the oils 
that are readily soluble in 70 p. c. alcohol, it required 5 to 6 vol. 
of 68 p. c. alcohol, and about 3 to 4 vol. of 69 p. c. alcohol to 
effect solution according to the ester content. Even then the 
oils richer in ester show an opalescence that docs not disappear 
upon the addition of more solvent. 

The linalyl acetate content of ordinary commercial oils as 
a rule amounts to 30 to 40 p. c., but in the more rationally 
steam-distilled oils rises to above 50 p. c. According to the 
ester content, which is indicative of the value of the oil, lavender 
oils are grouped into several classes, namely those with about 
30 p. c., 35 p. c., 40 p. c. and 50 p. c. and above. Most of the 
pharmacopoeias are content with a 30 p. c. content, some pay 
no attention whatever to the amount of ester. Oils with less 
than 30 p. c. linalyl acetate are, for the most part, adulterated. 
Rarely is the low ester content due to the source of the flowers 
(sec below) or to imperfect methods of distillation whereby part 
of the ester is destroyed. 

In connection with lavender oils, steam-distilled by themselves 
in southern France, Schimmel 8) Co.') observed the following 
properties: - 

Barreme Oils. Sault Oils 


d.5. • ^. 

. 

Ester. 

Solubility in 70 p.c. ale. 


0.886 to 0.896 0.885 to 0.891 

-7Mo ~9"33' -7 to -8" 

47 to 56 p.c. 36 to 43 p.c. 

Soluble in 3 to 7 vol. and more, Soluble in 3 to 
occasionally with opalescence 10 vol., solution 
or slight turbidity. mostly clear. 


The same firm also reports on an oil”) that had been 
distilled from lavender grown in Miltitz near Leipzig: djj.0.8888; 
('i. —8"40'; njj5„J.46010; A.V. 0.5; E.V. 157.6--55.1 p.c. of 
linalyl acetate; with 10 vol. and more of 70 p. c. alcohol it yielded 
a turbid solution. 

As already pointed out on p. 428 the oils produced by water 
distillation in the Franco-ltalian Alps show a specially low ester 
content. At the same time they are characterized by a low 


') Report of Schimmel 5 Co. April 66. 

*) Ibidem October 1909, 73. 

28 * 
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60 p.c., is linalyl acetate. In addition to the acetic ester of 
linalool, those of butyric acid (analysis of the silver salt)^), also 
of valeric and caproic acids (analysis of the silver salt) ’) are 
present in small amounts. The presence of formic acid could 
not be detected. Linalool is present not only as ester but also 
in the free state. 

Whereas the oil distilled by Schimmel 8) Co. from dry 
flowers contained no pinene, fraction 160 to 170’ of a large 
quantity of French oil contained a very small amount of u-pinene 
(m.p. of pinene nitrosochloride 102 ; m.p. of pinene nitrolbenzyl- 
amine 122 to 123"). Of cineol also only traces are present. 
In one case its presence could be detected (hydrogen bromide 
addition product, iodol reaction) only after the corresponding 
fraction had been heated with formic acid to destroy the linalool ")• 

If larger amounts of pinene can be isolated, adulteration 
with turpentine oil may be suspected, more particularly if such 
suspicion is suported by the determination of the ester content, 
specific gravity, optical rotation and solubility in 70 p.c. alcohol. 
On the other hand, the presence of larger amounts of cineol 
indicate adulteration of the French oil with oil of spike. 

Linalool is accompanied in lavender oil by a second alcohol 
Cj„li,„0, gcraniol. From fraction 110 to 120’ (13 mm.) of 
lavender oil, calcium chloride separated an oil which yielded 
the diphenyl urethane of geraniol melting at 82"*). This alcohol 
also occurs free as well as in ester form of acetic, butyric, 
valeric and caproic acids'*). 

In 1900 Schimmel 8) Co.*’) found cumarin (m.p. 68.5 to 
69.5 ) in the oil. From the point of view of the odor this is a 
not unimportant constituent. Of the other constituents a con¬ 
siderable number were identified in the course of time by 
Schimmel 8( Co.**). 

The lowest fraction contains furturol’') (test with aniline 
hydrochloride), an aldehyde presumably identical with valeric 

') Report of Schimmel & Co. April 11K)4, 61. 

'*) Ibidem April 1908, 48. 

“) Ibidem October 1898, 26. 

*) Ibidem April 1898, 30. 

Ibidem October 1900, 40; April 1908, 48. 

“) Ibidem October 1908, 44. 
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aldehyde^), an alcohol having the properties of amyl alcohol-) 
(b.p. 129 to 133°; m.p. of phenylurethane 39 to 41", presumably 
a mixture of several isomers) ■') and elhyl-n-amyl ketone that 
is distinguished by its refreshing odor (m. p. of semicarbazonc 
117 to 117.5"; oxidation to caproic acid)^), and of which only 
0.2 p.c. are present. 

d-Borneol''), the occurrence of which had already been 
pointed out by Bruylants, is present in the free state as well 
as acetic ester, it was identified by its oxidation to camphor 
(m.p. of oxime 118 to 119°). 

According to F. Elzc’’) lavender oil contains nerol (m.p. of 
tetrabromide 118 to 118.5"; m.p. of diphenylurcthane 50 ), also 
thymol (m.p. 50 to 51 ; m.p. of phenylurethane 107 to 107.5 ; 
m.p. of nitroso derivative 160 to 160.5 ). Inasmuch as an oil 
distilled by Schimmel ii; Co. from Miltitz lavender contained no 
trace of thymol this phenol cannot be regarded as a normal 
constituent. It must rather be assumed that it entered the oil 
examined by him during the process of distillation when a 
thymol-containing herb was distilled with the lavender. 

The sesquiterpene fraction consists of caryophyllene (m.p. 
of caryophyllene alcohol 93 to 93.5'; m.p. of phenylurethane 
136 to 137")"). 

Finally attention may be directed to a phenomenon repeatedly 
observed in the laboratory of Schimmel ft Co.-') during the 
investigation of lavender oil. It is the simultaneous occurrence 
of the odor of formaldehyde and the formation of a gelatinous, 
sticky substance when fraction 78 to 90" (5 mm.), 195 to 215" 
(ordinary pressure) is distilled. No explanation has been found 
thus far. 

English lavender oil has been examined by F. W. Semmler 
and F. Tiemann'). From the first fraction of this oil they 
obtained a tetrabromide melting at 105" thereby proving the 

‘) Report of Schimmel iii Co. April ItHKf, 48. 

. *) Ibidem April 1SI08, 44. 

“) Ibidem October lIMKt, 42. 

') Ibidem 43. 

") Chem. Ztg. :4 (1910), 1029. 

“) Report of Schimmel St Co. April 1013, 70. 

’) Berl. Berichte 25 (1892), 1186. 
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presence of limonene. Fraction 85 to 91° (15 mm.) consisted 
of Ulinalool, fraction 97 to 105° of \-linalyl acetate. In the 
highest fraction a sesquiterpene, not further investigated, 

was found. English lavender oil differs from French oil by its 
greater cineol content'), also by its much lower ester content 
(5 to 10 p.c.). 

Examination and Evaluation. The value of lavender oil depends 
on its linalyl acetate content. It is true that the ester is not 
the only criterion of the quality of the oil, nevertheless the 
fragrance and the commercial value of the oil arc in direct 
relation to the amount of ester present, assuming naturally that 
the oil is a normal distillate and has no empyreumatic odor 
due to careless preparation. Such an instance is rather im¬ 
probable since irrational distillation would at the same time 
result in partial destruction of the ester. Hence, a carefully 
prepared oil must always reveal a relatively’ high ester content. 
If the linalyl acetate is partly destroyed during cl«||^tion the 
free acid resulting exerts a destructive influence iinalool 

and thus interferes with the aroma of the oil il^erceptible 
manner. =’i 

Adulteration mostly results in a lowering of the ester 
content, hence quantitative saponification is absolutely essential 
in testing an oil. 

In order to test for foreign additions, specific gravity, optical 
rotation and solubility in 70 p. c. alcohol should be ascertained. 

Formerly the principal adulterants were turpentine oil, cedar 
wood oil and oil of spike. Turpentine oil diminishes the ester 
content and the solubility in 70 p.c. alcohol, also lowers the 
specific gravity and-can be detected as pinene (see Composition) 
without difficulty. Cedar wood oil likewise influences solubility 
and ester content, whereas oil of spike only lowers the ester 
content. In addition, oil of spike can be recognized by its 
higher cineol content and by the occurrence of the (/-camphor; 

More difficult of detection, hence more dangerous than the 
adulterants already mentioned, are such substances which seemingly 
increase the linalyl acetate-content. They are the same esters 
previously enumerated under oil of bergamot, namely, terpinyl 

') Report of Schimme! St Co. October 1S94, 32. 
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and geranyl acetate, also the ethyl esters of succinic, oxalic, 
tartaric and citric acids. The analytical method for their detection 
has been described under Bergamot oil on pp. 68 to 71 and need 
not be repeated here. When fractionally saponified (p. 69) pure 
bergamot oil reveals differences in the saponification values of 
4 at most, whereas the difference between saponification and acid 
value II (p. 72) in general does not exceed 3. Somewhat greater 
differences may be due to resinification. In doubtful cases the 
test should be repeated with oil rectified with water vapor. 

Occasionally other adulterants of lavender oil have been 
observed. To describe them individually would lead too far. 
Suffice it to include them in the following enumeration with 
references to the original literature. 

Up to the present time the following foreign additions have 
been found: rosin (colophony?)'), turpentine oiU)')"), oil of 
spike'')")'"), Spani.sh sage or lavender oil")")')”), rosemary oil")"), 
benzoic acid"), salicylic acid"), succinic acid ester')”), citric acid 
ester"), glyceryl acetate'")")'")"), terpinyl acetate'")"), esters 
of fatty acids from cocoanutoil'"), phthalic acid ester'"), alcohol") 
and petroleum"). 

768. Oil of Spike. 

Oleum Spicx. Spikol. Essence d’Aspic. 

Origin. iMvandula Spica, U.C. (Lavandula Spica var. (1, L; 
Lavandula i^lgar/s fl., Lam.; Livandula latilolia,y\\\., Qxtv.Spik- 

*) Report of Schitnmel 6 Co. October 42. 

*) Ibidem October 1905, 42. 

") Ibidem October 1901, 51. 

*) Ibidem April 1908, 63. 

■■’) Ibidem April 1902, 46. 

") E. Weber, Chem. Ztg. 20 (1902), 87.5. 

’) Report of Schimmel S Co. April 1897, 24. 

") Ibidem April 1905, 52, 53, 54. 

") C. T. Bennett, Chemist and Druggist 09 (1906), 691. - Report of 
Schimmel S Co. April IIM)7, 66. 

*") P. jeancard and C. Satie, Bull; Soc. chim. IV. S (1908), 155, 

") Report of Schimmel h Co. October 1911, 57. 

”) Ibidem October 1912, 75. 

'") F. Delphin, Svensk Farmaceutisk Tidskrift 1908, No. 22; 1912, No. 5; 
Report of Schimmel & Co. April 1912, 88. 

“) Report of Schimmel Si Co. April 1912, 88. 
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lavendel) is distributed in the Mediterranean countries in about the 
same manner as the genuine lavender. In southern France it 
grows in the lower regions up to 700 m as highest altitude, where 
Lavandula vera, D.C. begins. In Spain it is especially common. 

Spike (French lavande male, grande lavandc, spic or aspic) 
is larger than lavender. The stems often have numerous branches 
and attain a height of 80 to 90 cm. The floral bracts are lineal 
and as long as the calyx, which is whitish. The plant grows at 
the lower altitudes on dry, sunny and protected slopes'). It is 
sturdy and makes no special demands upon the soil, but prefers 
a deep, if possible alluvial soil, since its tap roots sink to a depth 
of 30 to 40 cm. The spike flowers are fully developed about 
3 weeks later than those of the lavender, namely toward the end 
of August. On account of their high growth the harvest is less 
laborious than that of lavender. On the other hand spike shows 
less tendency to spread, so that the individual plants can develop 
well and are of longer duration. It should also be mention:^ 
that the strong odor of the flowers and the bitter taste 
leaves protects the spike against being devoured by gfcspilpg 
animals. A cross between spike and lavender has been desctfted 
on p. 427. -4 ' 

As yet no attempts have been made to cultivate s^fke, 
although the few demands which the plant makes on the soil 
should render this easy. However, it might scarcely pay^ to.' 
cultivate spike where any other economic plant will grow. 

For the distribution of spike in France, see the map bn p. 426 
accompanying oil of lavender. 

Distillation. In Spain the oil is produced like oil of thyme, 
in southern France in like manner as lavender oil and, as a rule, 
by water distillation over direct fire. The yield is said to be 
only 0.5 to 0.62 p.c.'-) Steam distillation however, yields more 
than 1 p. c. 

For the sake of comparison Schimmel 8| Co.'') have distilled 
spike in southern France over direct fire as well as with stean^. 
The results are recorded in the following table:— 


>) L. Lamothe, Lavandc et Spic. 2”<> ed. Le Grand-Serre (Drdme) 1908. 

Laval, )oum. de Pharm. et Chim. V. 115 (1886), 599. 

'') Report of Schimmel & Co. November 190H, 114. 
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. .,/'d ,,,, Solubility in alcohol of 

dis. «D ofthcfir,-.! I.V. •’ 

lOp.c. b()p.c. or>pc 70p.c 

I-dfSion 0-9075 0''49’ 7.0 insoluble in 1:3.3vol. 1:2vol. 

i: 20 vol. 

i^-dS'tion 0.W8 -1-0'’42’ +Tr 9.4 1:6.5 to 7 vol. 1:3.5 to 4 vol. 1:2 vol. 

3. „ j|0 9050 0'28' -(-r’40' 5.1 l:6to7vol. 1:3.5vol. 1:2vol. 

4. 0.9054 -0 2b' -+-2’r 6.1 1:8 vol. 1:3 to 3.5vol. 1:2 vol. 

,5. „ 0.9058 - 0 45' +2 44' 10.1 1:8 vol. 1:3 to 3.5 vol. 1:2 vol. 

(-1 „ 0.9052 - 0'’43’ +2 :«)’ 11.1 1:8vol. 1:3 to .3.5 vol. 1:2 vol. 

The difference in the solubility, as becomes apparent, is due 
to the method of distillation. Whereas all oils obtained by water 
distillation are soluble even in 60 p.c. alcohol, this does not hold 
for the oils obtained by steam distillation. Less ready solubility 
has also been observed in connection with oils distilled over direct 
fire. This decreased solubility is probably attributable to the fact 
other plants such as Satureiii montana, L., Calarnintfia officinalis, 
Mamch, Sideritis romana, L., Teucriiim Polium, L. etc. arc distilled 
with spike’*). 

Production. French Spiku Oil. In 1908 LLamothc*) estimated 
the annual production of southern France at about 25000 kg. At 
the price of from 8 to 12 francs per kg. this represents an average 
value of 250000 francs. In 1913 it commanded 15 fr. per kg. 
Foi^e production of spike oil the following departments come 
into consideration: Drome (3000 kg.), Vaucluse, Basses-Alpes, 
Douches du Rhone, Var, Alpes-Maritimes, Card, Herault, Aude 
and others. 

Spanish Spike Oil. For the past 15 to 20 years it is principally 
the Spanish oil of spike, falsely called Spanish lavender oil at 
times, that is to be found in commerce. It is produced in the 
provinces of Granada, Valencia, Murcia and Cordoba. As in 
France it is obtained from /.avandula Spica, D. C. (Spanish 
t:spliego)''). The amount of oil produced annually is estimated 
at at least 50000 kg. 

■) Yield 1.1 p.c. 

*) Yield 0.98 p.c. 

*) Report of Schimmel H Co. April Wld, 104. 

*) Loc. cit. 

") Report of Schimmel S Co. October Ibll, 85. 
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On one occasion a small amount of spike oil of good quality 
was produced in Dalmatia* **) ). 

Properties. Spike oil is a yellowish liquid with a camphor¬ 
like odor that reminds both of lavender and rosemary. Concerning 
its optical rotation, the following generalization should be noted; 
As a rule it is dextrogyrate, but occasionally unobjectionable oiks 
with laevorotation have been observed. Thus Schimmcl Co.-) 
have observed ^ 0 49' (comp, table on p. 443) in connection with 
an oil distilled in their factory in Barremc (Alpes-Maritimes, 
southern France). For an oil distilled from dried Spanish flowers 
they observed Two Dalmatian oils that were un¬ 

questionably genuine deviated —0" 10'and --0’53''). Fience 
laevogyrate spike oils may be pure, but as a rule are adulterated 
or replaced by other similar oils of different botanical origin. In 
doubtful cases it is well to question such oils. In all cases the 
first 10 p.c. obtained by fractionation in a Ladenburg flask (see 
vol. 1 p. 566) should be dextrogyrate. 

French Spike Oil d,..,.0.905 to 0.9176; as a rule dextro¬ 
gyrate, up to -f6''44', in very exceptional cases Isevogyrate, up 
to about —2°; iq, of the first 10 p.c. of the distillate dextrogyrate, 
up to -t-10'’40', occasionally higher, occasionally lower than the 
original rotation, n|,,,„„ 1.464 to 1.468; A.V. up to about 2; E.V. 3 
to 21, mostly not over 10; E.V. after acetylation 102 to 112 —.30.4 
to 36.9 p.c. C,i,HnO*‘); soluble in 1.7 to 3 vol. and more of 7^.c. 
alcohol. Good oils distilled according the common method with 
water are soluble in even 60 p.c. alcohoD) (5 to 20 vol.) or in 
65 p.c. alcohol*’) (3 to 5 vol.). 

According to A. Birckenstock") the various French oils 
distilled in the several spike districts yield oils that differ from 

*) Report of Schimmel S Co. October 1#U, 85. 

-) Ibidem November IfXfS, 116. 

*') Acetylated according , to regular method without dilution. Inasmuch 
as the oil contains linalool, the addition of 4 vols. of xylene would have 
given higher (abt. 10 p.c.), /. e. more correct, values. (Comp. vol. I, p. 578.) 

‘) The oils obtained by steam distillation which, however, have not as 
yet appeared in commerce, appear to be less readily soluble in alcohol. 
• (Comp, table on p. 443.) 

**) E. ). Parry and C. T. Bennett, Chemist and Druggist 83 (1903), 1011. 

“) Moniteur scientitique de Quesneville 1308, 355; Report of Schimmel 
8; Co. October 1908, 74. 
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each other. He recognizes seven groups: Ardeche, Herault, 
Drome, Card, Basses-Alpes, Alpes-Maritimes and Var. In his 
opinion the first group represents the spike oil type proper 
with the following properties: d,^, 0.918 to 0.921; + 7'48' 

to -f9''36'‘); a„ of the first lOp.c. of the distillate -f 8 to 
f 10°; ester content 4 to 5 p.c.; alcohol content 21 p.c.; soluble 
in 3 vol. of 67 p.c. alcohol. The group Var, on the other hand, 
approximates the lavender oil type with the following properties: 
djj.0.9035 to 0.905; TIO' to +0°; of the first 10 p.c. 
of the distillate +2°; ester content 2 to 3 p.c.; alcohol content 
20 to 32 p.c.; soluble in 5 to 6 vol. of 60 p.c. alcohol. The other 
groups occupy intermediate positions. Specific gravity and optical 
rotation decrease, whereas alcohol content and solubility in alcohol 
increase. At the same time a change in the alcoholic constituents 
takes place; the borneol which predominates in the “Ardeche” 
type giving way more and more to linalool and geraniol. 

Spanish Spike Oil. d„.0.904 to0.922; (rj,- 4“43'to+15'’47' 
rarely above +8“; of the first 10 p.c. of the distillate up to 
4-14°, as a rule not above 4-8°; nj,.,„. 1.46506-^0 1.46535; 
A. V. up to 1.8; E. V. 4.6 to 26.5, mostly below 2(]i: E. V. after 
acetylation 84 to 112 24.7 to 33.6 p.c. C,„Hj„0'^); soluble in 

1.5 to 2.5 vol. of 70 p.c. alcohol, the diluted solution being 
slightly opalescent in individual instances. 

Schimmel 8 ( Co."*) obtained from Spain a lot of spike flowers 
the botanical derivation of which from Lavandula Spica, D.C. 
{L. latihlia, Vill.) was established by a special investigation. 
Upon distillation with water vapor it yielded 1.9 p.c. of a 
brownish-yellow oil with the following constants: d, 5 , 0.9100; 
«i, — 2 ° 20 '; o„ of the first 10 p.c. of distillate - 1 - 1 “ 10 '; 
n„j„, 1.46823; A. V. 3.7; E. V. 7.0. The oil was soluble in 
2 vol. of 70 p.c. alcohol, upon addition of more than 4 vol. of 
solvent opalescence was produced by the separation of paraffin. 

‘) This statement is not in harmony with other observations.on spike 
oil according to which both specific gravity and optical rotation are lower. 
See above. 

“) Acetylated according to regular method without dilution. Inasmuch 
as the oil contains linalool, the addition of 4 vols. of xylene would have 
given higher (abt 10 p.c.), /. e. more correct, values. (Comp. vol. I, p. 578.) 

*) Report of Schimmel 5 Co. October IMl, 85. 
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Dalmatian SWKE Oil. Two oils produced in Dalmatia had 
the following properties'); d,.,.0.9033 and 0.9022; (f,, 0"53' 

and —0°10'; «„ of the first lOp.c. of distillate T O^IO' and 
+ 2'’14'; A. V. 0.9 and 0.9, E. V. 5.6 and 5.4; soluble in 5 and 
4 vol. respectively of 60 p.c. alcohol, and in 3 and 2 vol. of 
70 p.c. alcohol. 

Composition. The fir.st constituent of spike oil to be 
established with certainty is camphor-). Although the earlier 
investigators claim to have found it in lavender oil this 
substance, as shown in the preceding chapter, does not occur 
in genuine lavender oil. it may be assumed, therefore, that 
one does not go amiss in stating that the earlier investigations 
were carried out with spike oil and not with lavender oil. in 
addition to camphor, G. Bruylants') also found borneol in oil 
of spike. 

A complete investigation of the oil was made by G. Bou- 
chardat alone^), partly in conjunction with R. Voiry’). After 
repeated fractionations an insignificant amount (0.2 to 0.25 p.c.) 
of an oil boiling at 160 was obtained, which, when hydrogen 
chloride was passed into it, yielded a solid hydrochloride melting 
at 129°. Boiled with alcoholic potassium acetate this was 
decomposed for the most part and yielded dextrogyrate camphene 
which congealed in the cold. As to whether (/-tf-pinene is 
prgpent in the oil together with d-camphene could not be 
ascertained with certainty. Bouchardat is of the opinion that 
that part of the solid hydrochloride which remains unchanged 
after a brief heating with alcoholic potassium acetate is pinene 
hydrochloride. Fraction 175°, which constitutes about 10 p.c. 
of the oil, congealed in a freezing mixture and consisted of 
cineol, C,„H,gO, Its hydrochloride, also the cinnabar-red di¬ 
bromide C„|H,sOBr.^ were prepared. 

The fraction that passed over near 200’ proved to be a 
mixture of \-linalool, d-camphor, and d-borneoL 

') Report of Schimmel & Co. October 1911, 84. 

®) R.Kane,)oum.f.prakt.Chem. 15 (1838), 163. - A. Lallemand, Liebig’s 
Annalen 114 (1860), 198. 

’') Chem. Zentralbl. 1879, 616. 

•) Compt. rend. 117 (1893), 53 and 1094. 

') Ibidem 106 (1888), 551. 
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The linalool (b. p. 198 to 199"; «j,— 16'44') was converted 
into geranyl acetate by boiling with acetic acid anhydride. The 
oxime obtained from the camphor had all the properties of 
ordinary camphor oxime. The borneol, having been separated 
from the camphor by means of benzoic acid anhydride, was 
also dextrogyrate. 

Spike oil may also contain terpineol. At least Bouchardat 
obtained dipentene dihydrochloride by passing hydrogen chloride 
into a fraction having the boiling point of terpineol. This does 
not necessarily indicate terpineol for the formation of this hydro¬ 
chloride may also have been due to the presence of linalool or 
geraniol. However, positive proof of the presence of geraniol 
has not yet been brought. With the fraction boiling between 
145 and 160" in vacuum and having the odor of geraniol, 
hydrogen chloride yielded a liquid chloride with the properties 
of geranyl chloride'). The analysis of the highest fraction, 
boiling at 250'" yielded results corresponding with the formula 
Hence a sesquiterpene is very likely present. 

Examination. The presence of turpentine oil, with which 
spike oil is most frequently adulterated, is indicated by the 
lowering of the specific gravity. If French turpentine oil is present 
in larger amounts it reveals itself by the change in the angle 
of rotation to the left. If the added amount of this oil is so small 
as simply to lower the angle of rotation without changing its 
direction, and if both the specific gravity and solubility of the 
oil are suspicious, distillation of the first 10 p.c. of the oil and 
the determination of the optical rotation of this lowest fraction 
should be resorted to. The lowest fraction of spike oil is almost 
invariably dextrogyrate, whereas even a moderate addition of 
French turpentine oil causes Ijevorotation. Moreover, the quantity 
of terpencs boiling at about 160" is very small in genuine spike 
oil. Hence, if larger amounts of dextrogyrate terpenes distill 

*) Geranyl chloride prepared in this manner is, according to F. Tiemann 
(Berl. Berichte 31 [1898], 832), not a chemical unit but a mixture of several 
isomeric chlorides. Compare also additional work on geranyl chloride by 
I. Dupont and L. Labaune in the Berichte von Roure-Bertrand Fils October 
IBOW, 21, April 1910, 42, furthermore by M. 0. Forster and D. Cardwell in 
)ourn. Chem. Soc. lOlJ (1913), 1338. 
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ver, the oil may be declared as having been adulterated (American 
irpentine oil, camphor oil). 

The detection of the presence of rosemary oil is more 
ifficult. However, it is used much less frequently as adulterant 
nee the difference in price makes its addition less profitable, 
pecific gravity, optical rotation and boiling temperature are 
Imost the same for both oils. Only the solubility in 70 p.c. 
nd more particularly 60 p.c. alcohol differs. Mixtures of the 
VO oils frequently dissolve in 2 to 3 vol. of 70 p.c. alcohol, but 
le clear solution becomes turbid upon the further addition of 
1 C solvent. 

Difficult, likewise, is the detection of the addition of Spanish 
il of sage. (See this.) 


769. Oil of Lavandula Stcechas. 

Origin and Production. iMvandula Stoichas, L. is known in 
pain as Romero santo (Ger. hei/iger Rosmarin), also as 
'antueso. Its volatile oil, like that of Lavandula dentata, L., 
i prepared as a domestic remedy in the following manner. The 
owering plants, with the inflorescences inverted are suspended 
1 flasks. These are closed and exposed to the sun’s rays for 
time. At the bottom of the flasks there collects a mixture 
f water and volatile oil that is used to check bleeding, for the 
cashing of wounds and as remedy against eruptions. 

Occasionally, however, the oil is produced in ordinary stills, 
lucli a product produced in Spain, the botanical origin of which 
om iMvandulaStcechas was established by a special investigation, 
^as examined by Schimmel S Co. who found the following 
onstants: d,„. 0.9317; ttj, — 39° 40'; n^,,,„, 1.47099; A. V. 2.8; 
;.V. 101.7 = 35.6 p.c. ester CHgCOOC,„H,,. Very similar pro- 
erties were revealed by a second sample; d,„.0.9340; a,, —40°; 
i„„„1.47058; A.V.3.3; E.V. 108.8 - 38p.c.esterCH,COOCioH„. 
loth oils were soluble in 3.5 vol. and more of 70 p.c. alcohol, 
heir odor reminded of that of hyssop. Unfortunately only small 
mounts of both samples were available. Nevertheless, it was 
etermined that they were rich in cineol. Furthermore, a ketone 
nth a minty, camphor-like odor (m. p. of semicarbazone 224°), 

Gildememter, The volatile oils. 111. 29 
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possibly identical with pinocamphone, also a strongly lajvogyrate 
alcohol («i>—I15°50') were isolated*). 


770. Oil of Lavandula dentata. 

The oil of Lavandula dentata, L. is similar to that of Lavandula 
Stcechas, but may be differentiated by its odor which reminds 
strongly of that of rosemary oil and camphor. Other points of 
difference are the dextrorotation and the low ester content. What 
has been said of production and use of the oil of Lavandula 
Stcechas applies here as well. It should be added, however, 
that in addition to its production in Spain, it is occasionally 
distilled in southern France. 

Properties. From the dry flowers Schimmel S Co.-) obtained 
0.755 p.c. of oil of a yellowish-brown color and camphor-like 
odor. di5.0.9620; n^..^. 1.47909; A.V.5.16; E.V. 13.1; 

C.V. after acetylation 67.9; soluble in 2 vol. sand more of-70 p.c. 
alcohol, the diluted solution becoming opalescent because of the 
separation of paraffin. So far as oils distilled in Spain and 
southern France are concerned, their properties fluctuated between 
the following limits*): d^,.0.9420 to 0.9531; -f 32" 6' to + 44"46'; 
nj,,,,. 1.46842 (one determination); A.V. 1.4 to 1.8; E.V. 12.7 to 
24.1; soluble in 2 vol. of 70 p.c. alcohol, additional solvent causing 
slight opalescence in individual cases. 

Composition. As constituents of an oil distilled by themselves 
Schimmel § Co. identified d-camphor (m. p. 175 to 175.5°; m.p. 
of oxime 117 to 118°; m.p. of semicarbazone 231°) and d-fenchone 
(m. p. of oxime 165°). Possibly fenchyl alcohol is also present. 


*) Observations made in the laboratory of Schimmel ^ Co. An oil 
mentioned in their Bericht October' 1888 (p. 54) as from Lavandula. Staschas 
(diB" 0.942; boiling temperature 180 to 245°) in all probability was derived 
from Lavandula dentata. 

•) Report of Schimmel S Co. October 1905, 40; April 1808, 62; April 
1915, 28. The oil mentioned in the Bericht for October, 1889, 54, as having 
been obtained from Lavandula dentata was possibly derived from Lavandula 
Stcechas, L. 

’) Observations made, in the laboratory of Schimmel S Co. 
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771. Oil of Lavandula pedunculata. 

Portuguese oil obtained from Lavandula pedunculata, Cav. 
is described as follows by Schimmel S Co.’): — 

The oil possessed an odor not at all pleasant and difficultly 
definable, hence may be of no practical value. d,„.0.939; Cj,—44°54'. 
It dissolves in equal parts of 80 p.c. alcohol to a clear solution. 
The high saponification value 111.7 corresponds to 39 p.c. of the 
acetic ester of an alcohol When the saponified oil 

was distilled with steam a light yellow liquid passed over. The 
first fraction contained cineo! which was identified by means 
of its iodol derivative. The odor of this fraction further suggests 
the presence of thujone. 

772. Oil of Lavandula Burmanni. 

From the Indian Institute of Science in Bangalore Schimmel 
8 l Co.-) received small amounts of two distillates from Lavandula 
tiurmanni, Benth. The one had been obtained from the leaves, 
the other from the flowers. 

The leaf oil was of yellow color and had a citral-like odor. 
d„,.0.9131; —0°40'; A. V. 9.9; E. V. 36.3; soluble in 1.5 vol. 

and more of 70 p.c. alcohol. 

Totally different were the properties of the light-brown flower 
oil: d„. 0.9309; -f-T 40'; A.V. 1.9; E.V. 115.7; soluble in 

1.5 vol. and more of 80 p.c. alcohol, but yields only turbid 
solutions with 10 vol, of 70 p.c. alcohol. Inasmuch as the oil 
had a distinct fenchone odor, an attempt was made to characterize 
.this ketone. After treatment with potassium permanganate for 
the purpose of removing the more readily oxidizable constituents, 
but very little oil remained which possessed a strong fenchone 
odor. It yielded a small amount of oxime melting at 160°. 
Whether the substance represented active fenchone (m. p. o^ 
oxime 164 to 165°) or the optically inactive form (m.p. of oxime 
158 to 160°) it was impossible to ascertain with certainty because 
of the small amount of material. 


*) Report of Schimmel 5 Co. October ISKS, 31. 
^ Ibidem October 1918, 111. 
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773. Marrubium Oil. 

H. Haensel*) describes two marrubium oils: That from the 
herb of M. album was obtained with a yield of 0.05626 p.c., was 
solid, m.p. 17.5°, d 0.9414; that from the herb of M. nigrum 
with a yield of 0.036 p.c., solid, m.p. 16.5°, d0.934. 

Formerly the leaves of M. vulgare, L. were official as Herba 
Marrubii albi. 

774. Oil of Lophanthus rugosus. 

The genus Lophanthus (family Labiatx) comprises 6 to 
8 species, which are natives of North America and eastern Asia. 
Whereas L anisatus (see below)'■=) is a North American plant, 
rugosus, Fisch. et Mcy. grows wild in eastern Asia and is 
also cultivated, attaining a height of 1.20 m. Upon distillation 
P. de Vilmorin and F. Levallois’-*) obtained a yield of about 0.23 p.c. 
(computed with reference to the fresh herb?). The flowering 
branches contain somewhat more oil, up to 0.5 p.c. The oil is 
an amber-yellow liquid which is miscible in all prop^^^.with 
95 p.c. alcohol, also is soluble in 1.2 vol. of 90 p.c. alcd^^S'vol. 
of 85 p.c. alcohol and 23 vol. of 70 p.<i%; alcohol. dppD.962 to 
0.967; [«j,]-t-4.89 to -1-6.19''; S.V. 3.7;:^. V. after ac^ylation'^i4.« 
The oil reapts faintly with bisulphite. About 8 p.c. distill between* 
60 and 63° (10 mm.), 2 p.c. between 63 and 90° (10 mm.), 86 p.c. 
between 90 and 94° (10 mm.) and about 4 p.c. above 100" with 
partial decomposition. Methyl chavicol appears to be the j^ticipal 
constituent (characterized by converting it into aneUjol melting 
at about 20°). The fraction that boiled around)*'^*'' (10 mm.) 
presumably contained d-limonene (b.p.l78°; d'|^.fe494; Kj, 4-106.8"; 
m.p. of tetrabromide 104°; m.p. of nitros^loride 103° and 105° 
respectively. Upon purification of the, Jlltrosochloride a fraction 
was obtained that melted at 154° th/borresponding hydrocarbon 
of which has not yet been determined. 

775. Oil of Lofihanthus anisatus. 

The herb of Lophanthus anisatus, Benth. (Agastache Iceni 
culum, [Pursh] 0. Kuntze) has an odor of esdragon. From tHe 

*) Pharm. Ztg. 47 (1902), 74. 

») Bull. Soc. chim. IV. 15 (1914), 342. 
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botanical garden in Marseilles Schimmel 8j Co.‘) obtained a small 
lot of the lophanthus herb which, upon distillation with water 
vapor, yielded 0.11 p.c. of a brownish-green oil with a pleasant, 
anise-like odor. It had the following constants: d,,.(.. 0.9640; 
nj,j„., 1.51655; A.V. 2.8; E.V. 14.0; soluble in 0.5 to 1 vol. and 
more of 90 p.c. alcohol. On account of the dark color of the 
oil its optical rotation could not be determined. 

Distilled under diminished pressure (3 mm.) about 80 p.c. 
distilled constantly at 68°. Further investigation of this fraction 
revealed that it consisted exclusively of methyl chavico! which, 
therefore, is the principal constituent of lophanthus oil. Its 
identity with methyl chavicol was revealed on the one hand by 
its physical constants (b.p. 215 to 216°; dj^, 0.9663; n,,,,,^ 1.51966); 
on the other hand by converting it into anethol upon boiling 
with alkali (d^^, 0.9848; 1.55800). 

An oil previously examined by Schimmel 8; Co.-) was ob¬ 
tained from Morth America. d„„. 0.943; ((,,—7' 10'. 


776. Catnip Oil. 

The oil of catmint or catnip, Nepeta Cataria, L., which has 
idji.introduced into North America from Europe^), has a minty 
and camphor-like o^or that is not pleasant, d 1.041‘). 

A Sicilian oil of Nepeta, the exact botanical origin of which 
was not determined, has been examined by ). C. Limney and 
C. T. Bennett''), who found the following constants: dj„. 0.927; 

4-12°; total alcohol content (menthol) 22.2 p.c.; ester content 
(menthyl acetate) 3.3 p.c.; soluble in 2 vol. of 70 p.c. alcohol. 
The oil appears to contain small amounts of a ketone possibly 
menthone or pulegone. 


') Report of Schimmel 5 Co. October 1918, 73. 

•) Ibidem April 1898, 53. 

’) Alice Henkel, U. S. Dept, of Agriculture, Bureau of Plant Industry, 
Bull. Mo. 219; Report of Schimmel 8i Co. April 1918, 149. 

*) Report of Schimmel 5 Co. October 1891, 51. 

'') Pharmaceutical )ourn. 75 (1905), 861. — Chemist and Druggist 67 
(1905), 970. 
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777. 011 of Nepeta Nepetella. 

In the vicinity of Saint Auban (Maritime Alps) the labiate 
Nepeta Nepetella, L. occurs abtindantly'). It possesses a peculiar 
peppermint-like odor. At the close of the flowering season the 
oil was distilled with a yield of 0.0598 p.c. It was heavier than 
water and constituted a yellow, somewhat viscid liquid with 
the following properties: dj^. 1.03984; dj.^. 1.02536; o„-+-15°12'; 

of the acetylated oil -f-17^20'; A.V. 45.5; E.V. 245,7; E.V. 
after acetylation, 314.5; soluble in 2 vol. of 70 p.c. alcohol, 
turbidity resulting upon the addition of more solvent. From 
the oil a solid substance having the odor of menthol was isolated. 
The saponification lye, when rendered acid, yielded an oil that 
reminded of both caprylic and valeric acids. A part of the oil 
combined with bisulphite. 

778. Oil of Nepeta Giechoma. 

From the dried herb of Nepeta Giechoma, Ber^ (Giechoma 
hederacea, L., Ger. Gundermann) Schimmel 8 ) Cb.’^) obtained 
0.03 p.c. of a volatile oil that was darl^reen in cpior and the odor 
of which was not pleasant and was difficult to define, d, 5 .0.925. 

H. Haensel") likewise distilled the dry herb and obtained 
0.064 p.c. It was dark brown in color intermingled with iHU 
particles and had a penetrating odor which was not pleasant. 
d.j,.0.9296; A.V. 0; S.V. 111. It contained traces of an aldehyde 
or ketone. 

779. Oil of Latnium album. 

From the dry herb of Lamium album, L. (Ger. Taubnessel) 
H. HaenseH) obtained 0.537 p.c. of a dark colored oil which in 
the cold separated crystalline particles. 

780. Oil of Sage. 

Oleum Salvim. — SalbelSI. — Essence de Sauge. 

Origin. The somewhat half-shrub-like labiate Salvia offici¬ 
nalis, L. is indigenous to the countries north of the Mediterranean 

*) Berichte von Roure-Bertrand Fils October 1911, 41. 

“) Report of Schimmel S Co. April 1894, 55. 

’) Apotheker Ztg. 23 (1908). 279. 

*) Ibidem 2« (1911), 388. 
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atid is being cultivated in many countries with temperate climate 
for ornamental and medicinal purposes. 

Production. For the distillation of the oil on a large scale 
the wild plant which grows abundantly in Dalmatia is employed. 
The distillation is either conducted on the spot, or the factories 
purchase the dry herb, strongly compressed in large bales bound 
with iron bands. ■ The oil yield of Dalmatian leaves amounts 
to 1.3 to 2.5 p.c. A distillation of German leaves yielded 
1.4 p.c. of oil. 

Since -a number of years Spanish oil of sage is to be found 
on the market. Its botanical origin has not been established 
with certainty. 

Properties. Dalmatian Oil. It is a yellowi.sh or greenish- 
yellow liquid with the peculiar odor of the herb, which reminds 
both of tan.sy and camphor, d,,.. 0.915 to 0.930; «„ -I- 2° to + 25°; 
n„.,„, 1.458 to 1.468; A.V. up to 2; E.V. 6 to 17;' E.V. after 
acetylation 40 to 60; soluble in 1 to 2 vol. and more of 80 p.c. 
alcohol, of 70 p.c. alcohol 3 to 12 vol. are required to effect 
solution, but the solutions arc not always clear. 

The influences which season and the quality of the material 
distilled exert on the oil have been shown by two authentic 
DalmatiaiB oils^)’. Whereas one of the oils, which had been 
distilled from dry sage in August had all the properties of a 
normal oil (d, 5 . 0.9165; I 25"; n„.^„. 1.45871; A.V. 9.3); the 
other which had been distilled from fresh herb in May, had a 
much lower specific gravity (d,„, 0.9111) than is otherwise ob¬ 
served in connection with Dalmatian oils. The other constants 
were the usual ones: -f-20"22'; A.V. 1.0; E.V. 10.3. 

Spanish Oil^i. Spanish oil of sage has an odor differing 
somewhat from that of the Dalmatian oil and ’ related to that 
of rosemary, du,. 0.910 to 0.933; ((,, — 17 to 20°; A.V. up to 
1.0; E.V. 5 to 44; mostly more than 15; E.V. after acetylation 
40 to 75 ; soluble in 0.5 to 2 vol. and more of 80 p.c. alcohol, 
occasionally in individual cases with opalescence. 


*) Report of Schimmel S( Co. October 1911, 80. 

•) For other oils described in the literature as sage %ils see Oil of 
Sa/via triloba, pp. 458 and 459. 
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Composition. Upon fractionation of a German') oil of sage, 
H. Seyler*) obtained 1 to 2p.c. that boiled below 155', which 
after repeated distillation over sodium was resolved into three 
parts. The lowest fraction boiled between 142 to 145" (d^,, 0.80; 
Oj, 1.4438; «„-hr40') and upon analysis yielded results corre¬ 
sponding with This hydrocarbon which was named 

salvene, yielded upon oxidation with potassium permanganate 
an acid in almost quantitative amounts, whose semicarbazone, 
C,uH]jOXOIS,,Ha, melted at 204" and which 
CHI(CH„)., possibly is identical with lAtanacetone keto- 
Q acid (/f-thujaketonic acid). 

/\ Salvene presumably has the constitutional 

/ cn., formula of a dihydrotanacetene. Sec ac- 
companying formula. 

CH CH,,. From the first fraction of a Spanish sage 
oil no salvene could be isolated. 

From the laevogyrate fraction boiling at 156 to 158" W. A.Tildcn 
and W. A. Shenstone’), also M. M.P.Muir and S. Sugiur^) obtained 
a nitrosochloride. By converting it, according to ^^®ach, into 
nitrosopinene®) (m.p. of 130°) also by jpversion of 

the fraction into dipentene*) (m.p. of tetrabromide 124 to 125°) 
its identity with d-a-pinene was established. The statements 
as to the optical rotation differ. Muir and Sugiura found it 
laevogyrate on one occasion, dextrogyrate on another, wherea% 
Wallach found it inactive. In all probability, therefore, the 
pinene consists of a mixture of both optical isomers, in which 
one or the other predominates. 

Fraction 174 to 178° yielded no nitrosylchloride. With the 
aid of hydrogen bromide Wallach succeeded in separating pure 


*) As German oil of sage the oil distilled in Germany is understood in 
this case. 

•) Berl. Berichte 86 (1902), 550. 

^ Journ. Chem. Soc. 1877, I. 554; jahresb. f. Chem. 1877, 427. 

*) Philosoph. Magaz. and )oum. of Science V. 4 (1877), 336.—Pharma¬ 
ceutical )ourn. 111. 8 (1877), 191, 994; )oum. Chem. Soc. 1877, 11.548; [ahresb. 
f. Chem. 1877, 957.-Chem. News 37 (1878), 211; journ. Chem. Soc. 83 (1878), 
292; jahresb. f. Chem. 1878, 980. —journ. Chem. Soc. 87 (1880), 678; Chem. 
News 41 (1880), 223; jahresb. f. Chem. 1880, 1080. 

’) Liebig’sr Annalen 253 (1889), 103. 

“) /bidem 227 (1885), 289. 
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cineol'). Fraction 198 to 203' was named “salviol” by Muir and 
Sugiura who first assigned to this substance the formula C,„11j„0, 
later Ci„H,^0. Semmler at first declared this “salviol”, which 
constitutes 50 p.c. of the oil, as identical with thujone or tana- 
cetone”), but later expressed his doubts as to the correctness 
of this assumption"). By comparing the physical properties of 
the substance from the oils of sage, thuja, tansy and wormwood, 
after purification through the bisulphite addition products, 
Schimmel 8) Co.'*) arrived at the conviction that they are all 
identical. Finally Wallach'’) obtained the same derivatives, no 
matter whether he started from thujone, tanacetone, salvone or 
absinthol. 

As proven later by Wallach”), sage oil contains A-ii-thujone 
(m. p. of semicarbazone 174°) side by side with \-i(-thujonc (m. p. 
of semicarbazone 186"). 

After oxidation of sage oil F. Rochleder') had obtained 
camphor which was either contained originally in the oil or which 
was obtained upon oxidation of borneol. The higher fractions 
of the oil examined by Sugiura and Muir separated crystals upon 
cooling. These resembled camphor but did not correspond to 
it in all particulars. In order to decide whether camphor is 
contained in oil of sage, Schimmel h Co.“) fractionated an oil 
distilled from Dalmatian herb and exposed the fractions which, 
according to their boiling temperature ought to contain any 
camphor present, to the temperature of a freezing mixture without, 
however, being able to separate anything solid. Inasmuch as 
acetylation of fraction 205 to 215 ’ revealed the presence of an 
alcohol (about 8 p. c. computed as C,„Hj„0) part of it was treated 
"With benzoyl chloride. After separation and saponification of 
the benzoic ester, a substance with all the properties of borneol 
(m.p. 204°; in 10 p.c. alcoholic solution +0°23') was obtained. 

‘) Liebig’s Annalen 252 (1889), 103. 

’) Berl. Berichte 25 (1892), 3350. 

») Ibidem 2J (1894), 895. 

*) Report of Schimmel 8) Co. October 1W)4, 56. 

”) Liebig's Annalen 286 (1895), 93. 

“) Ibidem 386 (1904), 270. 

’) Ibidem 44 (1842), 4. 

’■) Report of Schimmel S Co. October 18».>, 42. 
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Hence the borneol of oil of sage is slightly dextrogyrate. According 
to this investigation camphor could not be detected in sage oil. 

In a later investigation, however, Schimmel 8( Co.‘) succeeded 
in finding 6-camphor (m. p. of oxime 118°). With borneol it is 
contained principally in the oil obtained upon cohobation of the 
aqueous distillate. 

According to Muir*) English oil of sage contains much 
cedrene, b. p. 260°, little .terpene and only traces of oxygenated 
constituents (?). 

781. 011 of Salvia triloba. 

A Syrian oil of sage having been sent from Jaffa to Schimmel 
8( Co.“), its botanical origin was established by Dr. A. Ginzberger, 
of the Botanical Institute of Vienna, as Safvia triloba, L. it had 
the following constants: d^.0.9116; — 3°28'; E.V. 10.3 corres¬ 

ponding to 3.6 p.c. of bornyl acetate; soluble in 15 to 16 vol. 
of 70 p.c. alcohol and in 1 vol. and more of 80 p.c. alcohol. 

An investigation conducted later revealed the presence of 
cineo/ (m.p. of iodol compound 1l8to 114°) and small amounts 
of \-camphor (m.p. of semicarbazone 235 to 236°). The highest 
boiling fraction yielded a semicarbazone whic hjj||K treated with 
methyl alcohol. The residue contained camph^Mteicarbazone. 
Upon evaporation of the methylalcoholic solil^, a senjicaf- 
bazone remained which, after another purificatioipJrtelted.at 162°. 
Upon hydrolysis with sulphuric acid the prodtrct had the odor 
of thujone. 

782. Oil of Salvia cypria. 

Salvia cypria, Ung. et Kotschy, which grows on the Island 
of Cyprus, yields a pale yellow oiU) the odor of which reminds? 
of camphor and camphor oil. In connection with two oils 
the following constants were observed: dj^.0.9263 and 0.925; 
“mo- — 6°3r and —22°23'; S.V. 13.9 and 8; S.V. after acetyla¬ 
tion 38.9 and 36; soluble in 0.8 and 1 vol. respectively of 80 p,c. 
alcohol. The oil differs from ordinary oil of sage by its Isevo- 

0 Report ot Schimmel 8| Co. October 1907, 83. 

'‘) Loc. cit 

’) Report of Schimmel S Co. October 1907, 81. 

') Ibidem April 1915, 40. 

‘) Bull. Imp. Inst. 11 (1913)i 429 
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rotation. It contains about 75 p.c. cineo! (resorcinol method) 
and a little camphor. 

One of these oils agrees fairly well with an oil which 
Schimmel S Co.^) had obtained several years previously from 
the Imperial Institute and which also had been produced in 
Cyprus. It was pale yellow, of characteristic odor and had the 
following constants; d,s.0.9263; a„— 6° 15'; n,,,,,. 1.46664; A.V. 0; 
E.V. 6.4; E.V. after acetylation 36.0; soluble in 1 vol. of 80 p.c. 
alcohol yielding an opalescent solution; the solution in 90 p.c. 
alcohol, although clear at first, became opalescent upon dilution. 

Identical with this oil is possibly one that was supposed to 
have been obtained from the large-flowering sage and which 
was examined by 0. Wallach'*). d,,,„0.9084; a,,-- 10.06°. It 
contained not a trace of thujone, but \-n-pinene (m. p. of nitroso- 
pinene 132°), cineo! (hydrogen bromide addition product) and 
\-camphor (m. p. of semicarbazone 236"). Fraction 160 to 175 ' 
yielded with nitrous acid a crystalline substance that melted at 
85 to 86°, but which did not behave like one of the known 
phellandrene nitrites. 

Several lievogyrate oils of sage of unknown botanical origin 
have- been described in literature. Inasmuch as their constants 
agree fairly well with tho.se of S. cypria and S. triloba, the 
possibility is not excluded that they may have been obtained 
frOT either the one or the-other of these species:- 





From Syria; 
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nuft,. 
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Soluble in 

0.9175») 

- 9°35' 

1.46734 
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0.9283-*) 


- 

1.5 
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not soluble inlOvol.of 80 p c. alcohol. 
Apparently resmificd. 

0.9843'*) 
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1.5 vol. and more of 70'p.c. alcohol. 

— 

.... 

"I 

1 vol. and more of 80 p.c. alcohol. 




From Corfou; 


0.9153') 

1 

o 

1.46882 

0.5 

9,0 - 

Sot. m abt. 25vol. of 70 p. c. alcohol, 
in 1.3 vol. and more of 80p.c. 

0.9132") 

- I5°5' 

1.46832 

0.5 

10.6 - 

alcohol. 


*) Report of Schimmel Et Co. October IMO, 112. 

») Maehr. K. Ges, Wiss. Gottingen 1»05, fascicle 1, p. 1. Meeting of Fe¬ 
bruary 11, 1905. 

f) Report of Schimmel § Co. October 1K05, 62. 

*) Observation made in the laboratory of Schimmel S Co. 

*) Berichte vori Roure-Bertrand Fils April 1911, 25. 

") Report of Schimmel 5 Co. April 1909, 82. 
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783. Muscatel Sage Oil. 

Origin and Production. Muscatel sage, Salvia Sclarea, L. is 
indigenous to northern Africa and southern Europe. Formerly 
it was cultivated here and there in vineyards from which it has 
spread. At the present time the plant is cultivated in Germany 
(Miltitz)’) and in southern France (Herault, Card, Vaucluse, Var, 
Alpes-Maritimes)®) for the purpose of distilling the oil. The 
inflorescences are distilled with and without the leaves. The 
yield varies considerably depending upon whether many or few 
leaves are used, or whether the parts of the plants are fresh, 
wilted or dry at the time of destination. Computed with reference 
to the fresh material, the yield varies between 0.03 and 0.14 p.c., 
and computed with reference to the dry herb between 0.2 and 
1 p.c. In France*) the fresh flowers yield 0.05 to 0.08 p.c., 
rarely 0.1 p.c. of oil. 

Properties. The odor is agreeably lavender-like and after 
evaporation of the more volatile portions, very much like ambra. 
Like the yields, so the properties vary within wide limits. 

The following properties have been observed in connection 
with German oil: d,-,. 0.910 to 0.960; Isevogyrate up to — 45', 
in individual instances slightly dextrogyrate; n,,.,,,. 1.477 to 1.504; 
A. V. 1 to 17; E. V. 18 to 155 — 6.3 to 34.25 p.c. ester computed 
as linalyl acetate. Of 90 p.c. alcohol 1.5 vol. are required to 
effect solution. However, the addition of more alcohol cawes 
opalescence and even turbidity as a result of paraffin separation. 

/^■re/rcA0/7;d,,.0.896to0.930*); «„-ll to--63“*); n,„„.1.464 
to 1.474; A. V. up to 1; E. V. 110 to 206‘) = 38 to 73 p.c. of 
linalyl acetate; soluble in 1 to 2 vol. of 80 p.c. alcohol, more 
solvent causes turbidity. Of 90 p. c. alcohol up to 0.5 vol. suffice 
to effect solution, the addition of more solvent again causes 
opalescence and turbidity with most oils. 

Composition. After saponification of the oil, Roure-Bertrand 
Fils*) obtained considerable amounts of linalooi which was 

*) Bericht von Schimmel 6( Co. April 1880, 44; Report of Schimmel 6 Co. 
October 1894, 38. 

*) Parfum. moderne 5 (1912), 91. 

“) Berichte von Roure-Bertrand Fils April 1900, 40. 

■*) Parfum. moderne 5 (1912), 93. 

*) Berichte von Roure-Bertrand Fils April 1908, 10. 
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characterized by its phenyl urethane melting at 65". Although 
the acid in the saponification lye was not identified, the lavender- 
like odor of the oil renders the presence of the linalool as acetate 
probable, an occurrence previously alluded to‘). In addition to 
the ester the oil contains free linalool^). 

784. Oil of Ramona stachyoides. 

Black sage, or Ramona stachyoides, (Benth.) Briquet (Audi- 
bertia stachyoides, Benth.; Saivia mellifera, Greene) is a shrub¬ 
like labiate that grows in southern California. From the fresh, 
flowering plants F. Rabak“) obtained 0.75 p.c. of a colorless oil 
that had an odor of camphor and revealed the following properties: 
d.,,,,0.9144; (fj,-|-30.2"; n„,,^„ 1.4682; A.V. 2; E.V. 2.5; E.V. after 
acetylation 27.1; soluble in 1.5 vol. of 70 p.c. alcohol, the addition 
of more than 3'/a vol. caused turbidity of the solution. At — 15“ 
there separated 11.3 p.c. of d-camphor (m. p. 174 to 175°; m. p. 
of semicarbazone 232 to 233°). Of free acids it contained small 
amounts of formic acid, of combined acids acetic acid and 
po.ssibly a trace of formic acid. Of other constituents the oil 
contained 22.5 p.c. of cineol (m. p. of iodol compound 111 to 
112"), possibly also pinene, thujone and borneol. The total 
camphor content amounted to about 40 p. c. 

Lflp an oil was examined by C.E. Burke and C. C. Scalione'*) 
which md been distilled with a yield of about 0.9 p.c. from 
leaves and twigs collected in February. In the course of trans¬ 
portation the material had dried somewhat. It had the following 
properties: dj5,0.8979; «„+24.4"; n,,1.4729; A.V.2.2; E.V.1.6; 
insoluble in 70 p.c. alcohol. Exposed to low temperature no 
solid separated, thus differing from the oil of Rabak which at 
- -15" separated 11.3 p.c. of camphor. The following constituents 
were identified: 6 p.c. u-pinene (m. p. of hydrochloride 131 ), 
30 p.c. cineof (phosphoric acid method, identified by means of 
its iodol compound), 25 p.c. inactive terpenes, 8 p.c. thujone 
(b. p. 200"; d 0.917; « 25,9"; m. p. of tribromide 122°), 25 p.c. 

') Report of Schimmel & Co. October 1894, 38. 

■^) Observation made in the laboratory of Schimmel 6 Co. 

U. S. Dep. of Agriculture, Bureau of Plant Industry, Bull. Mo. 235, p. 14; 
Report of Schimmel S Co. April 1912, 107. 

'*) )ourn. Ind. Eng. Chemistry « (1914), 804. 
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camphor and 5 p.c. resinified material. The inactive terpenes 
possibly consist of dipentene and terpinene. Traces of a solid 
bromide indicate the presence of the first, whereas a brown 
precipitate, which resulted upon shaking with Beckmann’s chromic 
acid mixture, indicated terpinene*). 

The oil examined by Rabak contained more high-boiling 
constituents, which fact is probably due to the circumstance that 
the distilled plant material had been collected later in the season. 

785. Oil of Meriandra dianthera. 

From the Government of the Italian colony Eritrea Schimmel 
Co. '*) obtained two distillates supposed to be sage oils. They 
were light brown in color and had an odor, which, while it 
reminded of sage, was quite distinct therefrom. Moreover, the 
oils had a higher specific gravity than oil of sage and differed 
also, in being laevogyrate. Inasmuch as a specimen of the 
plant distilled was sent with the oils it was possible to have 
the botanical source determined. Dr. Giessler, custodian in the 
Botanical Institute of the University of Leipzig, established that 
the plant does not belong even- to the genus Salvia, but is 
identical with Meriandra dianthera, Briq. (M. benghalensis, Benth.). 
The leaves of the labiate are used in domestic medicii^in the 
same way as are the leaves of sage. Distillation of theljPeaves 
yielded 1.5 p.c. of a light brown oil, the odor of which suggests 
both sage and rosemary; dj,..0.9513; ^ — 2°5'; n^,„„„ 1.47490; 
A. V. 3.7; E. V. 14.8; soluble in 2 vol. and more of 70 p.c. alcohol. 
Exposed to a freezing mixture the oil congealed to a butyraceous 
mass due to camphor. 

The two oils distilled in Eritrea had the following properties: 

1. di,.0.9464; «i,-0“30'; nj,.,oJ.47176; A.V.1.0; E;V.11.8; 
soluble in 2 vol. and more of 70 p.c. alcohol. 

2. dj,. 0.9526; «„-r; n„„. 1.47548; A. V. 5.6; E. V. 9.3; 
soluble in 1.8 vol. and more of 70 p.c. alcohol. 

Neither of the oils had its complete camphor content. In- 
the preparation of oil No. 1, part of the camphor separated in 
the condenser. In the.case of oil No. 2 part of the camphor 

*) Comp, von Baeyer, Berl. Berichte 27 (1894), 815. 

") Report of Schimmel S Co. October 1911, 107. 
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had been removed by freezing. Samples of camphor from both 
oils were sent from Eritrea and were identified by the m. p. (176°) 
and the oxime (m. p. 118.5°). An optical examination revealed 
the camphor to be the dextrogyrate modification. 

786. Oil of Monarda punctata. 

Origin and Production. In North America the perennial labiate 
Monarda punctata, L. is known as horsemint. Distilled in the 
fresh condition the herb yields up to 1 p.c.; in the dry condition 
up to about 3 p.c. of volatile oil. This has a yellowish-red or 
brownish color and a pungent, thyme-like and minty odor, d 0.930 
to 0.940; mostly inactive or slightly dextrogyrate. Upon 
prolonged standing the oil separates crusts of heavy crystals 
of thymol, of which phenol it contains about 60 p.c.'). 

Composition. Thymol was found in monarda oil by A.E. Arppe ^) 
in 1846. The thymol content is so large that for a short period 
the oil was used for the commercial production of this phenol “). 
More recently its cultivation for this purpose has been recom¬ 
mended in the United States'). According to the investigation 
of H. ). M. Schroter’’) the oil was reported to contain 50 p.c. 
of a Isevogyrate hydrocarbon boiling between 170 and 173°, 
25 p.c. of a dextrogyrate (!) non-crystallizable thymol, and a 
substance (?) boiling between 240 and 250°. These 

statements, that do not inspire confidence, make it seem doubt¬ 
ful as to whether Schroeter really had oil of Monarda punctata 
under investigation. 

In order to leave no doubt as to the botanical source, 
W.R. Schumann andE.Kremers") had the plant material examined 
by a botanical authority. The oil was distilled from fresh wild 
growing plants, growing not far from Madison, Wis., and yielded 
61 p.c. of thymol (determined according to the method of Kremers 
and Schreiner described in vol. 1, p. 594). The bulk of the non- 

• *) Comp. N. Wakeman, The Monardas. Madison 1911. Bulletin of the 

University of Wisconsin No. 448. 

*) Liebig’s Annalen 58 (1846), 41. 

“) Comp, also Bericht von Schimmel 8i Co. October 1885, 20. 

') F. Rabak, Americ. Perfumer 5 (1910), 220. 

“) Americ. Journ. Pharm. 60 (1888), 113. 

“) Pharm. Review 14 (1896), 223. 
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phenol portion of the oil consisted of cymene which was 

identified by means of the hydroxy/sopropyl benzoic acid melting 
at 155 to 156°. Fraction 186 to 202° contained oxygen and 
consisted apparently of linalool. 

According to more recent investigations by W. E. Hendricks 
and E. Kremers') thymol is accompanied at times by a second 
phenol which does not congeal when cooled, presumably carvacrol. 
In addition the presence of traces of d-limonene was demonstrated 
by means of limonene nitrolbenzylamine melting at 94°. 

787. Oil of Monarda citriodora. 

Origin and Production. Monarda citriodora, Cerv., known 
in North America as lemon mint, occurs from Illinois westward 
to Nebraska and southward to Texas-). 

From the dry, flowering herb l.W. Brandel") obtained about 
1 p.c. of oil. 

Properties. It is a reddish oil with a lemon-like odor. 
d„„. 0.9437“) to 0.9603‘). Phenol content 65 to 80 p.c.; aldehyde 
content 1.2 to 4 p.c. A.- 

Composition"). The bulk of the oil consists of ^ryacrol 
(m. p. of benzoyl derivative of nitrosocarvacrol 110°). It ^ssibly 
also contains traces of thymol. The highest boiling' phenol 
portions contain thymohydroquinone (m. p. 140°). judging from 
its odor, the aldehyde appears to consist wholly or at least i| 3 [|^^ 
large part of citrai. Cymene may also be present. The melting 
point of the acid obtained upon oxidation of the cymene was 
124° in place of 156°. 

788. Oil of Monarda didyma. 

Origin and Production. Fliickiger") alludes to the oil of Monarda 
didyma, L., a native of North America, in the following words: 
“In 1796 the apothecary Brunn, of Gdstrow, observed a deposit 

*) Pharm. Archives 2 (1899), 73. 

“) N. Wakeman, toe. cit p. 8. 

») Pharm. Review 22 (1904), 153. 

*) C. Lefebvre Mid N. Wakeman, Midland Drugg. and Pharm. Review 44 
(1910), 526. 

■’) Arch, der Pharm. 212 (1878), 488. 
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in the oil of Monarda didyma, L. (presumably thymol) which, as 
it would appear, was imported from America.” 

A more recent investigation carried out by I. W. Brandcl'), 
however, showed that the oil contains neither thymol nor 
carvacrol. Hence it is to be assumed that the earlier investi¬ 
gators had some other monarda oil in hand. 

The dried herb yielded 0,03 p.c. of oil upon distillation'). 
According to Schimmcl 2j Co.") the half-dried herb yielded 
0.04 p.c., the stems and leaves 0.096 p.c.“), the half-wilted 
flowers 0.26 to 0.32 p.c.')") of oil. 

Properties. The oil is pale yellow to reddish-brown and 
has a sweet balsamic odor, lavender-like, reminding of linalool 
and its ester with a suspicion of ambra. 


No, Di.siilled Iroin dj-.o << 1 , A.V. E.V. Soluble iii 


1. dry licrh') 


2. half-dried herb-) 


■i .ilmost dry slcms 
and leaves*) 

A half-wiltod 

flowers*) 


’) 


0.902 -10 

0.8786 -24'36' 1.46763 


I t.f) to 2 vol. of 70p.L. alcohol, 
I the addition of tnotc causes 
turbidity because of the sepa¬ 
ration of paraffin 


0.8855 - 32'’38' 1.46892 5.5 20.4 { 
0.8665 - 7030 ' 1.46892 2.4 4.4 { 


0.8740 


15''’45' 1.46743 4.6 


[ 3 vol. and more of 70 p. c. afeo- 
5.6 I hoi,the.idditionofbvol.causes 
I turbidity. 


789. Oil of Monarda fistulosa. 

Origin and Yield. Monarda fistulosa, L., known in North 
America as wild bergamot, yields upon distillation an oil similar 
to that of Monarda punctata’'). 

The yield from fresh, flowering herb amounts to 0.3 to 
1 p.c."), for the most part 0.5 to 0.75 p.c.'). whereas the dry 
floral leaves yielded 2.71 p.c.“). 

') Pharm. Review 31 (1903), 109. 

*) Report of Schimmel 8i Co. October 1904, 97. 

®) Ibidem November 1908, 86. 

*) Ibidem October 1909, 80. 

“) E. Kremers, Pharm. Rundsch. (New York) 1» (1895), 207. - E.). Melzner 
and E. Kremers, Pharm. Review 14 (1896), 198. 

") F. Rabak, Americ. Perfumer 5 (1910), 221. 

■) N. Wakeman, toe. cit. 

“) ). |. Beck and I. W. Brandel, Pharm. Review 21 (1903), 109. 

Gildemeister, The volatile oils. 111. 30 
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Properties. The specific gravity of a number of oils which 
had been distilled from flowering plants in different stages of 
vegetation, from the months of June to September, lay between 
0.916 and 0.941. Optical rotation slightly lievogyrate. The 
phenol (carvacrol) content fluctuates between 52 and 72 p.c. 
An oil distilled from the leaves deprived of stems was straw- 
yellow in color, djj,0.9241, a„—0°9'. The oil distilled from the 
florets was red-brown, d 0.9586. It also contained carvacrol‘). 

Composition. In addition to little h'monene (m. p, of nitrol- 
benzylamine 93°)“) the oil contains cymene (m. p. of hydroxy- 
/sopropyl benzoic acid 156°) and carvacrol (67 p.c. determined 
with dilute lye). This substance was identified by conversion 
into dicarvacrol (m. p. 147 to 148"), carvacrol sulphonic acid 
(m, p. 58 to 59°), nitrosocarvacrol (m. p. 153 to 154°) and di- 
nitrocarvacrol (m. p. 117 to 119°). Another phenol is thymo- 
hydroquinone (m. p. 140°) sniall amounts of which were found 
by E. Kremers and I. W. Brandel. In addition thymoquinonc^) 
is present. This is noteworthy since previously no quinone had 
been found in a volatile oil. 

The simultaneous occurrence of these twfcgubstances 
admits of the supposition that Monarda fisti^M^^ov/es its 
color to these constituents, which possibly com1@(Bfflto form the 
highly pigmented quinhydrone. 

Upon steam distillation of the phenols separated by meaps 
of acid from the alkaline solution, a red crystalline substance 
separated , in the cooler. After purification by sublimatjotl it 
melted at 256 to 266° and acted toward alkalis like alizarin’). 

Later S. K. Suzuki “) showed that this red substance is no 
alizarin and finally N.Wakeman®) showed that the substance was 
dihydroxythymoquinone (green precipitate with lead acetate). 

The alcohol contained in the oil presumably has the 
formula C,(,Hi,OH*). jointly with IS. Wakeman’), E. Kremers has 

‘) ).). Beck and 1. W. Brandel, Pharm. Review 21 (IMS), 109. 

*) W. E. Hendricks and E. Kremers, Pharmaceutical Archives 2 (1899), 76. 

’) E. Ktemers, Pharm. Rundsch. (Mew York) 18 (1895), 207, — E. j. Melziler 
and E. Kremers, Pharm. Review 14 (1896), 198. 

*) Midland Drugg. and Pharm. Review 44 (1910), 342. 

*) loc.'c/r. p. 23. 

*) I. W. Brandel and E. Kremers, Hiarm. Review 19 (1901), 200. 

’) Ibidem 26 (1908), 314, 329, 364. 
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conducted quantitative experiments as to the oxidase^) occurring 
in the leaves of Monarda fisfuhsa. This enzyme oxidizes the 
thymohydroquinone contained in the plant. It should be added 
that thymoquinone, dissolved in alcohol or limonene, is reduced 
to quinhydrone or, more correctly, thymohydroquinone. 

790. Pennyroyal Oil. 

Origin and Production. The oil of Hedeoma pulegioides, (L.) 
Pers., known in North America as pennyroyal, so closely 
resembles the European oil of Mentha Pulegiutn, L. that it 
frequently is substituted for the latter. Inasmuch as pennyroyal*) 
is. distributed from the Atlantic States to the Rocky Mountains, 
and since the distillation can be conducted with simple apparatus, 
the oil is produced in a number of places. The bulk of the oil 
is said to be distilled in North Carolina*) and particularly in 
the southern and eastern part of Ohio^) and more recently also 
in Tennessee*). The primitive stills, the same type that is used 
in the distillation of sassafras and wintergreen oils, consist of 
a barrel supported on a pan and connected with a cooler supported 
in a trough. The entire outfit rests on a fireplace dug into the 
ground and provided with a chimney. The best yield, namely 
0.6 to ! p.c.*) is obtained from the fresh flowering herb. From 
every ton of fresh herb 10 to 12 lbs. of oil are obtained. Dry 
leaves yielded’) 3 p.c., dried stems and leaves only 1.3p.c. of oil. 

Properties. American pennyroyal oil is a light yellow liquid 
with a characteristic, minty yet sweetish odor and aromatic 
taste, dij. 0.925 to 0.940; «i, + 18 to +35°. It is soluble in 
two and more parts of 70 p.c. alcohol. This property enables 

*) As to the oxidase comp, also F. Rabak, Pharm. Review 22 (1904), 
190 and D. B. Swingle, ibidem 193. 

*) The word “penny” in the designation pennyroyal is possibly a cor¬ 
ruption of the word “pulliol”, for in the old English literature this plant is 
named “pulliol” royal. Pharmaceutical )ourn. III. 87 (1911), 652, 700. 

*) T. C. Harris, Pharmaceutical )oum. III. 17 (1887), 672. 

*) Kremers, Proceed. Americ. pharm. Ass. .15 (1887), 546. — ). F. Patton, 
Proceed. Pennsylv. pharm. Ass. 1890 and Proceed. Americ. plfarm. Ass. 39 
(1891), 548. - lahreSber. d. Pharm. 1890, 378. 

*) Report of Schimmel S Co. October 1907, 68. 

*) F. Rabak, Americ. Perfumer 5 (1910), 221. 

’) Report of Schimmel S Co. October 1898, 29. 


30 * 
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the detection of petroleum, turpentine oil and resin oil, recorded 
by E. Kremers*), also of other difficultly soluble volatile oils. 

Composition. Pulegone must be regarded as the charac¬ 
teristic constituent of American pennyroyal oil. Its presence 
was demonstrated by C. |. Habhegger”) by the preparation of 
the pulegone oxime hydrate, melting at 147", 

also by the benzoyl ester of this oxime melting at 141". Con¬ 
cerning the amount of pulegone present only one observation 
is to be found in literature in addition to those recorded below. 
With the aid of neutral sodium sulphite H. E. Burgess"') found 
16 p.c. of pulegone. 

According to E. Kremers^) the oil contains two additional 
ketones, both having the formula The one, hedeomol, 

boils at 168 to 171' and is characterized by an oxime melting 
at 41 to 43". The second, boiling at 206 to 209", yields an 
oxime melting at 52" and is probably identical with menthone. 
In addition, Kremers found traces of formic acid, acetic acid 
and hoheptoic acid. 

More recently the oil has been examined by M. Barrowcliff "'). 
Of free acids formic, butyric, octylic, and decylic acids were 
found to be present. Upon shaking the oil with 5 p. c. caustic 
potassa solution he obtained a small amount of phenols that 
were not identified, also traces of salicytic acid, which probably 
were present in the oil as methyl ester. From the portion 
distilling above 120" (60 mm.) pulegone (24.1 p.c. of the oil) was 
separated by means of acid sulphite solution. It was identified 
by means of its semicarbazone melting at 171°. After the 
treatment with bisulphite, the oil was saponified, the resulting 
oil distilled under 60 mm. pressure, combined with the portions 
that had boiled below 120" (60 mm.) after treatment with soda 
and caustic potash, and the combined oil fractionated under 
ordinary pressure. In fraction 155 to 165° thus obtained small 
amounts of \-a-pinene were found (m. p. of nitrolbenzylamine 122°).. 


') Proceed. Americ. Pharm. Ass. 50 (1402), 979. 

*) Americ. )oum. Pharm. 05 (1893), 417. 

’) Analyst 30 (1904), 78. 

*) Proceed. Americ. Pharm. Ass. 85 (1887), 546j AraOric. |ourn. Pharm. 59 
(1887), 535. — Pharm. Rundsch. (New York) 9 (1891), 130. 

“) )oum. Chem. Soc. 91 (1907), 875. 
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In fraction 165 to 170" f-metbyI-3-cyclohexanone (8 p.c.) was 
shown to be present. After regeneration from its semicarbazone 
(m. p. 182 to 183") it distilled at 167 to 168". Apparently this 
is the first time that this kptonb was observed in nature. The 
same fraction, also the next higher one from 170 to 180° 
contained small amounts of \-limonene and dipentene (tetra- 
bromides). 

After remaining traces of pulegone had been removed from 
fraction 212 to 217° it was used for the preparation of the 
semicarbazone. Two substances were obtained. The one proved 
to be the semicarbazone of Vmenthone (m. p. 184 to 186°), the 
other that of d-menthone (m. p. 125 to 126"). The combined 
ketone constituted 50 p.c. of the oil. The Amenthone regenerated 
from the semicarbazone boiled at 207 to 208" (m. p. of oxime 
58 to 59°); the o'-menthone, regenerated in like manner, boiled 
at 209 to 210° (its oxime was oily). The latter menthone was 
found to be identical with the inverted menthone and, according 
to 0. Aschan’s nomenclature, is to be designated d-/somenthone. 
Fraction 300 to 310° contained a sesquiterpene alcohol (2 p.c.) 
from which a sesquiterpene with the following properties was 
obtained: d.,,,.0.8981; + r4'; n|,„o. 1.5001; b. p. 270 to 280"; 

mol. refr. 66.8. Of combined acids Barroweliff found, in addition 
to the salicylic acid already mentioned, formic, acetic, octoic 
and decoic acids, also a non-volatile, dibasic acid, m. p. 83 
to 85°, presumably of the formula 

791. Oil of Balm. 

Oleum Melissee. Mellsseniil. Essence de Melisse. 

Origin. Melissa Micinalis, L., a labiate, is indigenous to 
the countries north of the Mediterranean from Spain to the 
Caucasus. It is also cultivated in Europe and Morth America 
both as a decorative plant and for medicinal purposes. 

Properties and Composition. Commercial oil of balm is no 
pure distillate of melissa. It is either lemon oil distilled over 
balm (Oleum Meiissse citratum), or citronella oil thus treated. 
At times it is nothing more or less than fractionated citronella 
oil. The yield of true oil of Melissa officinalis, L. is so mini¬ 
mal that the price of the oil Would render it unmarketable. 
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An oil distilled by Schimmel Co. from dry herb solidified 
at ordinary temperature and contained citral*) as was proven 
by means of Doebner’s reaction. Later the fresh herb of two 
varieties of melissa®) was distilled by the same firm. 

1. Fresh herb during the flowering stage: yield 0.014 p.c.; 
djj. 0.924; «j,-i-0°30'. The oil possessed a very pleasant odor 
of balm. 

2. Fresh herb in full bloom: yield 0.104 p.c.; di5.0.894; 
optically inactive. Its odor, which was less pleasant than that 
of the first oil, plainly revealed citral and citronellal. 

The attempt to prove the presence of both aldehydes by 
means of Doebner’s method yielded no definite results. The 
acids obtained from both oils began to melt at 208° and had 
completely liquified at 225°. Presumably they represented 
a mixture of the citral compound, which melts at 197 to 200°, 
with that of the citronellal derivative melting at 225°. 

792. Oil of Satureia montan a. 

Origin. The oil of Satureia montana, L., which plant is 
known in the French Alps as poivre d'^ne, has almost the 
same composition as the oil of Satureia hortensis, neither can 
it be distinguished from the latter by its odor. 

Properties and Composition. From fresl^' cultivated herb 
Schimmel 8; Co.“) obtained upon distillation 0.18 p.c. of oil. 
dj,. 0.939; u,, —2°35'; with 4.5 parts of 70 p.c. alcohol and with 
I'/i parts of 80 p.c. alcohol it yielded a clear solution. It 
contained 65 p.c. phenol." 

An oil examined by A. Haller*), had been distilled near 
Grasse from the herb of the wild plant growing in the Maritime 
Alps. dj,. 0.9394*); Uj,—3°25'. He found 35 to 40 p.c. carvacrol, 
also small amounts of a phenol boiling above 235°. The hydro¬ 
carbons of the oil passed over between 172 to and 180 to 
185° and seemed to be terpenes. 

*) Report of Scilmmel S Co. October -1894, 38. 

>) tbidem C^ber >895, 65. 

'), Jbidem-^ctober 1897, 59. 

*) Coi|^. rend. 94 (1882), 132. 

*) Haller’s statement of the specific gravity as 0.7394 no doub^|f due 
to a printer’s error. 
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Two oils distilled in southern France by Schimmel gj Co.') 
from flowering herb were lemon-yellow and brownish-yellow in 
color respectively, and had an odor of thyme. Their other 
properties are herewith tabulated: — 

Yield difto 

Distilled in Barreme 0.23 p.c. 0.908 — 1°42’ 

Distilled in Sault. . 0.15 p.c. 0.9194 — 4°48' 

Both oils contained carvacroh, the Barreme oil 21 p.c., that 
from Sault 32 p.c. 


1 aqaqq /Sol. in 8 vol. and more 
1.4^485( of fOp.c. alcohol. 

j Sol. in 1.5 vol. and more 
I of 80 p.c. alcohol. 


S. S. Pickles'*) described an oil obtained from a variety of 
Satureia montana, L. which in its properties resembled that of 
Satureia cuneifolia. The dry herb from Trieste yielded 1.64 p.c. 
of a golden-yellow oil with a carvacrol-like odor and the following 
properties: dj,. 0.9548; «„ — TO'; soluble in 2.7 vol. of 70 p.c. 
alcohol. It contained 68.75 p.c. phenols, principally carvacrol. 


793. Oil of Satureia hortensis. 

Origin. Satureia hortensis, L., Ger. Bohnen- or Pfefferkraut, 
owes its odor and sharp taste to a volatile oil which is obtained 
by steam distillation. From fresh, flowering herb the yield is 
about 0.1 p.c. 

Properties. The oil possesses the strongly aromatic odor of 
the plant and a pungent, sharp taste. The specific gravity of the 
oil distilled from fresh plants lies between 0.900 and 0.930; «„ 
(for two oils) +0' 4' and — 0°56'. Phenol content 36 to 42 p.c. 
The oil is soluble in 2 parts of 80 p.c. alcohol but sometimes it 
requires 10 parts to yield a clear solution”). An oil examined 
by E. Jahns') had been distilled from the dry herb; d 0.898; 

0.62°; phenol content 30 p.c. 

Composition. According to Jahns the phenol of this oil con¬ 
sists of carvacrol with traces of a second phenol which gives 
a blue color test with ferric chloride but which has not been 
more definitely determined. 


') Report ol Schimmel 8) Co. April 1912, 116. 

•) Proc.Cbem.Soc.27 (1911),285. Comp.also Bull.Imp.Inst.9(19ll),388. 
*), Report ot Schimmel 6 Co. October 1897, 59. 

*) Berl. Berichte 15 (1M2), 816. 
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Of the hydrocarbons, a part (about ‘/:i) distills between 173 
and 175° and consists of cymene (cymene sulphonate of barium). 
The remaining portion (about Vn) distills between 178 and 180° 


(d 0.855; 


•0.2") and is a terpene as shown by elementary 


analysis. 

794. Oil of Satureia cuneifolia. 

Several oils distilled by Dr. Giaconi in Trieste, Dalmatia, from 
the labiate Satureia cuneilolia, Tenore, have been examined by 
Schimmel 8i Co.'). The color of these oils was brownish-yellow 
and their odor thyme-like. In other respects they revealed the 
following properties 


No. 

d.6. 

«D 

n^ao” 

Phenols 

soluble in 

I. 

0.9182 

4" 45' 

1.49816 

28 p.c. 

1.2 S m. vol. of 80 p.c. alcohol. 

2. 

0.9190 

- 5° 15' 

1.49824 

34 p.c. 

1.1 S m. vol. of 80 p.c. alcohol. 

3 . 

0.9444 

--2°15' 

1.50528 

59 p.c. 

2.5 S m. vol. of 70 p.c. alcohol. 

4. 

0.9440 

- I"50' 

1.50556 

59 p.c. 

2.7 8) m. vol. of 70 p.c. alcohol. 


Oils 1 and 2 did not dissolve in 10 vol. of 70 p.c. alcohol, 
for 3 and 4 about 1 vol. of 80 p.c. alcohol was required. The 
phenols consisted of carvacrol, the non-phenols had a ^istinct 
odor of cymene for the identification of which, however, the 
amount of oil was insufficient. 


795. Oil of Satureia Thymbra. 

Satureia Thymbra, L. which the ancient Greeks dedicated 
to Priapus, is used quite generally in Spain as a spice and has 
the reputation of a powerful stimulant and disinfectant. It owes 
these properties to its volatile oil. Such an oil obtained from 
Spain has been examined by Schimmel 8; Co.-). After removal 
of the thymol (about 19 p.c.) the oil was fractionated. The frac¬ 
tion distilling about 160° consisted of u-pinene (m.p. of nitrol- 
benzylamine 121°). At 175' cymene passed over and in the 
following fraction small amounts of dipentene. After saponifica¬ 
tion of the portion distilling above 200° borneol and acetic acid, 
were obtained which are contained in the original oil as bomyl 
acetate. Hence the oil closely resembles oil of thyme as to 
composition. 


') Report of Schimmel 8i.Co. October 1911, 109. 
'■) Bericht von Schimmel ^ Co. October liS^, 55. 
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796. Oil of Field-balm. 

Origin. From the fresh, flowering herb of Saturcia Cala- 
mintha, (L.) Scheele, subspec. sHvatica. Briq., var. silvatia, Briq. 
{Me/issa Calamintha, L.), Ger. Bergmelisse, which is distributed 
throughout central Europe, Schimmel 8i Co.') obtained at two 
different times a pleasantly aromatic oil. 

Properties. dj„,. 0.8759 to 0.8771; —16-57' to ---28"12'; 

nn.,„„ 1.49110 to 1.49507; A.V. 0; E.V. 4.5 to 8.3; E.V. after 
acetylation (1 determination) 38.95; does not yield a clear solution 
with 10 vol. of 90 p.c. alcohol. 

797. Oil of Calamintha Nepeta. 

Origin. The labiate Satureia Calamintha, (L.) Scheele, sub- 
spec. Nepeta, Briq., var. Nepeta, Briq. (Melissa Nepeta, L.; Cala¬ 
mintha parvifiora, Lam.; C. trichotoma, Moench.; C Nepeta, Savi; 
C. obiiqua. Host, ii(C.), the pulegium-like mountain mint, grows 
wild in the mountains of southern Europe, and is known in sou¬ 
thern France as Marjoiainc'-). It was formerly known in medicine 
as Herba Caiaminthic vei Calamintlne montanae. 

Properties. An oil of French origin examined by Schimmel 
i5l Co.“) was of light, greenish-yellow color and had a minty odor: 
dj„. 0.9271; ((,) + 6‘49'; E.V. 13.0; soluble in 2.7 vol. and more 
of 70 p.c. alcohol. 

, Tavo oils distilled in Dalmatia^) had a minty odor and the 
following properties: d,r,, 0.9305 and 0.9395; |-2'50' and 

+ 6"28'; n,„„„ 1.48441 and 1.48920; A.V. 0.9; E.V. 5.4 and 14.6; 
soluble in 2 to 2.5 vol. of 70 p.c. alcohol. The pulegone assay 
of one of the oils with neutral sodium sulphite revealed a content 
of about 45 p.c. 

An oil distilled in Sicily with a yield of 0.1426 p.c. had an 
odor that reminded of pulegium ') oil as did the preceding ones. 

*) Report of Schimmel & Co. April 1901, 59; October 1903, 34. 

“) Concerning the French designation Narjotaine, which is applied to 
Majorana hortens/s as also to Origanum vulgare and Calamintha Nepeta 
comp. E. M. Holmes, Perfum. Record 3 (1912), 322. 

") Report of Schimmel 5 Co. October 1900, 14. 

*) Ibidem October 1911, 24. 

") Berichte von Roure-Bertrand Fils October 1912, 73. 
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It revealed the following constants: dj,.,, 0.9249; a,,+ 17°48'; 
A.V. 1.4; S. V. 12.6; E.V. after acetylation 48.5; soluble in 3 vol. 
of 70 p.c. alcohol, 2 vol. of 75 p.c. alcohol and 0.5 vol. of 80 p.c. 
, alcohol. The addition of more of the 70 to 75 p.c. alcohol causes 
the solution to become opalescent to turbid. A pulegone assay 
with neutral sulphite revealed 20 p.c. Besides pulegone the oil 
probably contains menthone. This was indicated by the fact 
that the E. V. of the reduced and subsequently acetylated oil 
was 190.4, hence much higher than that of the original oil. In 
consequence of the formation of /-menthol from pulegone and 
menthone, the reduced oil revealed Isevorotation («j, —18"). 

Another oil was examined by Wright, Layman 8t Umney'): 
<7 0.922; «„4-14'’; ester content 4.2 p.c,; total alcohol content, 
computed as menthol, 18.2 p.c.; ketone content 10.8 p.c., pre¬ 
sumably pulegone. 

Composition. The lowest boiling fractions contain small 
amounts of \-a-pinene (hydrochloride, nitrosochIoride“)). The 
characteristic constituents are pulegone (m. p, of M^carbazone 
172°’)®) and \-menthone (m.p. of semicarbazene^jir; m.p. of 
oxime 59°). The ketone namqd calaminthone by Genvresse and 
Chablay is not a chemical unit but a mixture of pulegone and 
menthone. 


798. Oil of Satureia macrostema. 

The oil of the shrub-like Satureia macrostema, (Benth.) Briq. 
(Calamintha macrostema, Benth.), indigenous to Mexico, has 
been described by Schimmel 8; Co.*). It is light yellow in color 
and has a mint-like odor. d^^. 0.9182; «j,-|-6°51'; njj 2 „. 1.46852; 
A.V. 15.6; E.V. 10.3; E.V. after acetylation 37.9. The oil was 
soluble in all proportions in 90 p.c. alcohol, also in 3 vol. of 
70 p.c. alcohol and in 1.2 vol. of 80 p.c. alcohol. Both 70 and 
80 p.c. alcohol, however, cause opalescence upon the addition 
of more solvent. The odor indicates the presence of pulegone. 

*) P^rfum. Record 8,#912), ,324. 

*) & .G envresse antFC. Chablay, Compt rend. 18ft (1903), 387. 

“iTWport of.S^mmel S Co. October 190ft, 14. 

‘) Ibidem Aiwl) 1909, 97. 
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799. Oil of Micromeria Chamissonis. 

The perennial labiate Micromeria Chamissonis, Greene (M. 
Dougiasii, Bentti.), which occurs along the western coast of the 
United States and is there known as Yerba Buena, has been 
examined by F. B, Power and A. H. Salway*). 

Upon distillation with water vapor the air-dried herb yielded 
0.16 p. c. of volatile oil. A semi-solid substance that passed 
over toward the end of the distillation, after drying on porous 
plate, revealed itself as palmitic acid (m. p. 61.5"). The slightly 
yellowish-brown oil with an agreeably aromatic, somewhat pepper¬ 
mint-like odor {dj„. 0.9244; —22'’48') was .not completely 

soluble in 10 vol. of 70p. c. alcohol and gave no color reaction 
with ferric chloride. 

Steam distillation of the alcoholic extract of the plants also 
yielded about 0.5 p. c. of a volatile oil resembling the previously 
described one as to appearance and odor. djj. 0.9450; 26°44'. 

Contrasted with the oil obtained directly from the herb it was 
readily soluble in 70 p. c. alcohol. For the most part it distilled 
between 120 and' 140" under 25 mm. pressure. The aqueous 
distillate contained formic, acetic and butyric acids. 

800. Oil of Micromeria japonica. 

According to Y. Murayama'-) the air-dried herb of Micro¬ 
meria japonica, Miq. contains 0.7 p. c. of a yellow oil with a 
characteristic odor of peppermint. Fractional distillation yielded 
Vmenthone which was characterized by boiling point, ejementary 
analysis and preparation of its oxime. Menthol may also be a 
constituent of the oil. 

801. Oil of Thymbra spicata. 

The shrubby labiate Thymbra spicata, L. resembles thyme 
and is indigenous to Greece and Asia Minor. Herb from Smyrna 
was distilled by Schimmel S Co,’). It yielded 1.5 p. c. of a 
yellow oil with an odor of thyme and origanum. Its carvacroi 


’-) )ourn. Americ. Chem. Soc. 30 (1908), 251. 

*) journ. Pharm. Soc. of )apan 1»11, 783. Through Zeitschr. d. allg. 
dsterr. Apoth. Ver. 50 (1912), 48. 

’) Report of Schimmel & Co. October 1010, 147. 
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content approximated 66 p.c. It had the following constants: 
di,.,..0.9460; (i„+0: nj,.j,|, 1.50675; soluble in 3.5 vol. of 70 p.c. 
alcohol. 

802. Oil of Amaracus Dictamnus. 

An oil designated Essence de Dictame blanc ou Calameni, 
which had been distilled in Oran, Algiers, has been described 
by Schimmel § Co.*). It was probably derived from Amaracus 
Dictamnus, (L.) Benth. (Origanum Dictamnus, L., Ger. Diplam- 
Doste) and in its properties resembled the oils of Calamintha 
Nepeta and Pulegium. 

The oil is of a yellow color and has a strong odor of pulegone. 
d,.v0.9331; «„+ 3°; soluble in 2.7 vol. of 70 p.c. alcohol with 
slight opalescence which was increased upon the addition of more 
solvent, until turbidity resulted with the increase to 14 vol. The 
oil contained about 85 p. c. of pulegone with an angle of rotation 
of +20° 10'. The ketone had been separated by means of 
sodium sulphite solution. 

Another sample of oil showed similar prog^ffies; d,.,.0.9349; 
(fi, +6"0'; A.V. 2.3; E.V. 20.9; E.V. after ac^^^n 80.0; yields 
a turbid solution with 2.3 vol. and more of 70 i^r alcohol, which 
becomes opalescent upon the addition of mMc solvent. With 
the aid of sodium sulphite solution 66 p. c. of pulegone coulij(;^ 
be removed. The oil deprived of pulegone showed d,^.039j29t;'' 
((j, —19° 16' and had an odor reminding of menthol ^nd bprn^l. 

803. Oil of Hyssop. ; , 

Oleum Hyssopii. — Ysopol. -- Esseno<''#Hy8ope. 

Origin. Hyssopus officinalis, L. which is indigenous to the 
Mediterranean countries and centra! Asia, grows wild in the hills 
of the Dauphine and on the plains of the Provence-). In Germany 
(Miltitz) and southern France it is cultivated for the distillation 
of oil. Fresh to wilted herb yields 0.07 to 0.29 p. c. upon distilla¬ 
tion, dry herb 0.3 to 0.9 p.c. of volatile oil. 

Properties. It is a pleasantly aromatic liquid with a sofflfe- 
what sweetish odor. djj. 0.927 to 0.945; —12 to —25°; 
n„,,„. 1.473 to 1.486; A.V. up to 2; E.V. 3 to 15; E.V. after 

‘) Report of Schimmel fl Co. October 1900, 84. 

‘I H. BUn, Parfum. moderne 8 (1910), 134. 



Oil oh Hyssop. 


477 


acetylation 37 to 47. Soluble in 0.5 to 8 vol. of 80 p. c. alcohol, 
in some instances turbidity (paraffin?) results at once or upon 
the addition of more solvent. French oils frequently arc soluble 
in 4 to 6 vol. of 70 p. c. alcohol. 

Very different were the properties observed by P. Jcancard 
and C. Satie*) in connection with two oils distilled in Cannes 
from fresh, flowering herb, presumably from a special variety -). 

Distillate of 1903; dj,,0.9252; «„ + !": A.V. 0.8; E.V. 9.2; 
E. V. after acetylation 70.0. 

Distillate of 1908: d,,,,0.9262; 2'6'; A.V. 0.8; E.V. 11.9; 

E.V. after acetylation 51.1. 

The pure French commercial oils, however, fluctuate in their 
properties between the limits given above. Frequently adulterated 
French oils arc met with. Thus, in one instance, the specific 
gravity was 0.95 and the angle of rotation H (1)45°. This oil, 
as well as others, had a decided odor of fenchonc, hence it was 
supposed that they consisted chiefly of the lower fractions of 
fennel oil. Specifically light oils with low angle of rotation are 
to be suspected of adulteration with oil of spike which has been 
observed repeatedly. 

Composition. In 1842 Stenhouse ') analyzed fractions 160 ', 
167 and 180'’ but communicated nothing else that was noteworthy. 
In 1902 Genvresse and Verrier*) mention cincol and a tertiary 
alcohol Ci„H,„0, b.p. 210 to 213” under 740 mm. pressure, as con¬ 
stituents, but reveal nothing more about the second substance. 
A more careful investigation of the oil, conducted with authentic 
material, was desirable, for nothing was known as to the origin 
of the hitherto examined oils, neither was there any criterion 
as to their possible adulteration. Such an investigation was 
made by E. Gildemeister and H. Kohler’’) in connection with an 
oil distilled by themselves. 


*) Americ. Perfumer ■* (1909), 84. 

*) Concerning the numerous varieties of fiyssopus officinalis see 
|. Briquet, in Engler-Pranti, Die natiiriichen Pflanzenfamilien. Leipzig, IV. Teif, 
Abt. 3a, p. 306. 

’) Liebig’s Annalen 44 (1842), 310. — |ourn. f. prakt. Chem. 27 (1842), 255. 
‘) Bull. Soc. chim. IIL 27 (1902), 829. 

“) Waffach-Festsohrift, Gottingen 1909, p. 414. -- Report of Schimmel S Co. 
April ms, 57; October IDOD, 69. 



478 


Family; Labi at*. 


CH., 

I 

CH 

OC, CH 

CH,-C-CH, 

CH, 


H„C 


C 

H 


In the lowest boiling fraction (about 14 p. c.) ^-pinene (m. p. 
of nopinic acid 126 to 127°) was identified. This is the first 
instance in which this hydrocarbon has been isolated in larger 
amount and relatively pure state from 
a volatile oil. 

Almost one-half of the total oil con¬ 
sists of \-pinocamphone, C,,H,„0, a 
ketone heretofore unknown as a con¬ 
stituent of volatile oils. Its constitution 
.finds expression in the accompanying 
structural formula. 

Previously this compound had been 
obtained synthetically only by O.Wallach') 
who had prepared the optically inactive modification by the 
reduction of nitrosOpinene. 

The properties of the /-pinocamphone obtained from hyssop 
oil are as follows: b. p. 212 to 213° (752 mm.); d^^. 0.9662; 
Oj,— 13" 42'; nj,j„. 1.47421; mol. refr. 44.40. 

The semicarbazone melts at 228 to 229" and^Oifficultly 
soluble in alcohol. In addition there was isol^ ^ pm small 
amount, a more readily soluble semicarbazone th^^elted at 
182 to 183°. However, the same ketone appears*°to underlie 
both semicarbazones, for upon hydrolysis with sulphuric acid 
the same odor was produced. The oxime boils at 105 to 110° 
(4 mm.) and is a colorless oil from which, in the course of tftjie, 
crystals separate, which, when purified on a porous plate, nielt at 
about 37 to 38°. 

Especially characteristic is the well-crystallizing dibromide 
CijHjjOBrj which results in excellent yield and which melts 
without decomposition at 93 to 94°. It ought to prove especially 
suitable for purposes of identification. Reduced by means of 
zinc dust in glacial acetic acid, the .ketone is readily re¬ 
generated. 

The alcohol obtained by reduction of the alcoholic solution 
of the ketone with sodium, has a camphor-like odor. It boHs 
at 217 to 218° and crystallizes in long needles that melt at 
at 67 to 68°. 


>) Liebig’s Annaien 800 (1898)-, 287; m (1906), 235; 860 (1908), 92. 
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Oxidized with permanganate, the ketone yields Vpinonic acid 
with a good yield. Recrystallized from petroleum ether this acid 
melts at 69.5 to 70.5'". The semicarbazone crystallizes in well- 
developed octahedra, with strong refractive capacity, that melt 
at 204'. The semicarbazone crystallizes in needles that melt 
at 129 to 129.5". With sulphuric acid this ketoacid undergoes 
quantitatively intramolecular rearrangement to the lasvogyrate 
modification of methoethyl heptanonolid. This compound cry¬ 
stallizes in quadrangular plates that melt at 46 to 47". In 
addition to the ketoacid, the oxidation of the ketone yielded an 
acid which crystallized in shiny small crystals that melted at 
189 to 190°. In all probability they are the active form of the 
isomeric camphoric acid, which Wallach obtained from 

/-pinocamphone. 

With the aid of the acid phthalate very smalt amounts of 
an alcohol boiling at 221 to 222° and having a pleasant odor 
could be extracted from hyssop oil. The higher boiling portions 
seemed to consist of sesquiterpene derivatives. 

Cineol was not present in the oil. Inasmuch as hyssop oil 
is not infrequently adulterated with spike oil it would seem 
possible that the occurrence of cineol observed by Genvresse 
and Verrier was due to this circumstance. 

804. Oil of Sweet Marjoram. 

Oleum Majorana. — MajoranSI. — Eaaenoe de Marjolalne')- 

Origin. The fresh, flowering herb of Majorana hortensis, 
Mch. {Origanum Majorana, L.) yields upon distillation 0.3 to 
0.4 p. c., the dry herb 0.7 to 3.5 p. c. of volatile oil. The commercial 
oil comes for the most part from Spain. 

Properties. Oil of sweet marjoram is a yellowish or greenish- 
yellow liquid of a pleasant odor reminding at the same time of 
cardamom and sweet marjoram. The taste is spicy and mild. 
d.,.0.894 to 0.910; 4-15 to -f- 19°; nj,jo. 1.473 to 1.476; A. V. 

up to 0.8; E. V. 10 to 30; soluble in 1 to 2 vol. and more of 
80 p.c. alcohol. 

-T- 

*) Concerning the French designation “marjolaine", which is applied to 
Majorana bortensis as also to Origanum vuigare and Caiamintha Nepata 
comp. E. M. Holmes, Perlum., Record 3 (1912), 322. 
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A number of Cyprian oils which had a relatively faint odor 
and mostly were light in color,- have been examined in the 
laboratory of Schimmel Sn Co. Their properties are similar to 
those of the Spanish oils described above, dj^, 0.897 to 0.906; 
ii„ I 12 to I 14°; n„,„. 1.4750 to 1.4755; A. V. up to 0.6; E. V. 5 
to 12; soluble in about 1 vol. and more of 80 p.c. alcohol. 

The Imperial Institute') in London reports on three similar 
oils; two had been obtained from Cyprus, the third had been 
distilled in London from dry herb (yield 3.05 p.c.) The latter 
had practically the same constants (dj,,. 0.888; fl3°15'; 

S. V. 12.8; soluble in 8 to 9 vol. of 80 p.c. alcohol) as those of 
the Cyprus oils (d,..,,0.899 and 0.9126; «],-!-14°2' and -j 3 ’45'; 
S. V. 6.4 and 8.25; soluble in 1.3 and 1 vol. respectively of 80 p.c. 
alcohol). The London oil contained 2 p.c. of phenols, the two 
Cyprus oils were free from phenol. 

The herb was identified by 0. Stapf as Origanum majoran- 
oides, Willd.-) and by E. M. Holmes as 0. Mani, L. 

An oil distilled from dry herb from Beyroot (yield 
had the following constants: dj5„0.9088; ((j, ] 16° 26'; n,|.^„.lg^pfe; 
A. V. 0.6; E. V. 12.9; E.V. after acetylation 75.3; soluble in^p'yol. 
and more of 80 p.c. alcohol. 

Composition. Oil of sweet marjoram lias repeatedly been 
subjected to chemical investigation. | 

The stearoptene described and analyzed by G. ). Mulder") 
presumably was nothing more or less than terpin hydrate which 
was formed under favorable conditions in a water-containing oil. 

According to G. Bruylants*) the oil is said to consist of 
5 p.c. of a dextrogyrate hydrocarbon, Ci„Hi„ and 85 p.c. of a 
dextrogyrate mixture of borneol and camphor. The latter state¬ 
ment could not be verified. 


*) Bull. Imp. Inst. 11 (1913), 50. 

’) According to Holmes (Pertum. Record 4 [1913], 41) Origanum ma- 
Joranoides, Willd. is botanically closely related to Origanum Majorana, L. 
A difference, however, exists in this that the former is perennial and the latter 
annual. According to the index Kewensis both names are synonymous. ■ 

*) Liebig’s Annalen 31 (1839), 69, — lourn. f. prakt. Chem. 17 (183^), 103. 
*) lourn. de Pharm. et Chim. IV. 30 (1879), 138; jahresb. f. Ph|rfi. 1879, 
160*, ^em. Zentralbi. 1879, 616. 
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F. Beilstein and E. Wiegand*) isolated a terpene boiling at 
178° which had a specific gravity of 0.846 at 18.5°. It absorbed 
a molecule of hydrogen chloride without, however, yielding a 
solid compound. That portion of the oil which boiled between 
200 and 220° they regarded as a sesquiterpene hydrate • H.O, 
because of the analytical results obtained. The low boiling point, 
however, renders this assumption improbable. 

According to the investigation of W. Biltz*), sweet marjoram 
oil contains about 40 p.c. terpenes, principally terpinene, the 
presence of which was established by the preparation of its 
nitrosite melting at 155 to 156°. As further constituent d-u-terpineo! 
was found but it could not be crystallized. Fraction 215 to 218" 
(d 0.920), the elementary analysis of which agreed with the for¬ 
mula C,„HjsO, upon oxidation with potassium permanganate, 
yielded trihydroxy hexahydrocymene, CuH^jOj, which melted at 
129 to 130°“). Further oxidation with chromic acid and sulphuric 
acid yielded a small amount of the ketolactone m.p. 61°, 

which 0. Wallach had obtained upon oxidation of terpineol. 
According to the results, fraction 215 to 218° of sweet marjoram 
oil must contain «-terpineol. 

According to Wallach“), the bulk of the marjoram terpineol 
consists of an isomer, namely of the active terpinenol-4 (zl ‘-men- 
thenol-4). (Comp. vol. I, p. 382.) 

Oxidized with potassium permanganate, it yielded a glycerol 
G,„Hj,(OH)g (1,2,4-trihydroxyterpane) which, when recrystallized 
•from chloroform, yields needle-shaped crystals that melt at 114 
no 116". Heated carefully, water is split off, and a substance 
sublimes that melts at 129°. Distilled with aqueous hydrogen 
chloride it yields cymene and carvenone. 

The alcohols of the marjoram oil are contained in it, for the 
most part as such, and only in small part as ester. 


‘) Berl. Berichte 15 (1882), 2854. 

*) Ober das Stherische OJ von Origanum Majorana. Inaug.-Dissert., 
Greifswald 1898; Berl. Berichte 32 (1899), 995. 

*) The substance' obtained by Wallach from inactive terpineol melts at 
121 to .122° (Liebig’s Annalen 275 11893], 152). 

*) Liebig's Annalen 880 (1906), 169; Soft (1907), 206. 

Gii 0 EMr.i 8 TER, The vouatiie oils. III. 
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805. Oil of Origanum vulgare. 

The oil distilled from the herb of Origanum vulgare, L., 
Ger. Dostenol, finds very little practical application. Computed 
with reference to the dry herb, the yield is 0.15 to 0.4 p.c. The 
oil possesses a strongly aromatic odor and a spicy, bitter taste *). 
d,.,,0.870 to 0.910; 34.4“'*). 

According to R. Kane'*) the oil contains a stearoptene con¬ 
cerning which, however, further information is wanting. The bulk 
of the oil is said to boil at 161°. In an oil distilled from the 
fresh herb, E. )ahns-) found two phenols, one of which gave a 
green color test with ferric chloride and which presumably is 
identical with carvacrol, the other a violet color reaction with 
the same reagent. Both phenols, however, do not constitute 
more than 0.1 p.c. of the oil. 

French origanum oils of commerce are most|jf:#ompositions 
with a pulegium-like odor which possibly do nol^plitain a trace 
of genuine oil. “ 

806. Oil of Cretian Origanum. 

Oleum Origan! Cretici. — Spanish Hopfenol. — Essenoe d’Houblon d’Espagne. 

By the above names (also Ger. /(retisch Dostenol) several 
carvacrol-containing oils are designated that are obtained from 
Origanum species indigenous to the Mediterranean countries. 

On account of the numerous species of this genus, it is 
difficult for the most part to determine accurately the botanical 
origin of individual oils. This is especially true because the 
experts themselves do not always agree as to the characteristics 
of the several species. This becomes apparent from the exami¬ 
nation by two well-known botanists of an Origanum species‘) 
distilled in the island of Cyprus and in the Imperial Institute in 
London. 0. Stapf pronounced it to be Origanum majoranoides, 
Wind., and E. M. Holmes as 0. Maru, L. 

Frequently it may also occur that the commercial oils are 
not distilled exclusively from a single species. Hence con- 

') Report of Schimmel fii Co. April 1891, 62. 

») Arch, der Pharm. 216 (1880), 277. 

^ Liebig's Annalen 32 (1839), 284. — journ. f. prakt. Chem. 15 (1838), 157. 

♦) Bull. Imp. Inst. 11 (1913), 30. 
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tradictory results of the physical and chemical examination of 
apparently the same oils may be due to one or both of the 
above-mentioned causes. 

Formerly it was assumed that carvacrol was the characteristic 
constituent of Cretian origanum oil (See first edition of the book 
p. 622). At present oils of this class are known the phenol of 
which consists entirely or in part of thymol, as is the case with 
the oil of thyme. It remains to be ascertained whether one and 
the same plant is capable of producing one and then the other 
phenol under different conditions. 

1. Origanum On. FROM Trieste. 

Origin. This variety formerly entered commerce via Trieste. 
It is uncertain whether it was distilled there or in the islands of 
the Mediterranean which supply the herb. The oil corresponded 
in all its properties with that distilled in Germany from the dry 
herb Origanum hirtum, Lk. which was examined by E. Jahns'). 
Hence it is assumed that the commercial oils were derived from the 
same plant. From the dry herb a yield of 2 to 3 p.c. was obtained. 

Properties. The oil has a pungent, thyme-like odor and a 
biting, persistent taste. Freshly distilled it is of a golden-yellow 
color, which, however, becomes dark brown to blackish when 
the oil is exposed to the air. The coloration begins at the 
surface and gradually passes downward, dj 5.0.94 to 0.98. On 
account of the dark color, the optical rotation cannot for the 
most part be determined. In the few instances in which the 
actiort upon polarized light could be observed, it was found to 
be inactive, or slightly laevogyrate or even slightly dextrogyrate. 
The oil dissolves in 2 to 3 vol. of 70 p.c. alcohol to a clear 
solution. It contains 60 to 85 p.c. carvacrol. 

Composition. An oil of this class that had been distilled 
from dry herb in Germany and the botanical source of which 
had been determined by Grisebach as Origanum hirtum, Lk., 
was examined by E. Jahns*). He showed that its principal con¬ 
stituent is carvacrol, a phenol which had previously been pre¬ 
pared artificially from carvone, but which at that time had not 
been found in an oil. 

*) Arch, der Phanti. 215 (1879), 1. 
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As he shook out with ether the phenol sodium solution 
which he had obtained by treating the oil with dilute sodium 
hydroxide solution, he extracted all of the carvacrol. Upon 
acidulating this alkaline solution, which no longer yielded any¬ 
thing to ether, he obtained a very small amount, scarcely more 
than 0.2 p.c., of a second phenol which gave a violet color with 
ferric chloride, but which was not farther investigated.' 

The non-phenol constituents of the oil, after repeated recti¬ 
fication over sodium, boiled for the most part between 172 and 
176°. As shown by the formation of cymene-sulphonic acid, 
they consisted principally of cymene. From the fact that the 
fraction, when shaken with concentrated sulphuric acid, became 
strongly heated with development of sulphur dioxide, it became 
apparent that the fraction contained other substances, presumably 
terpenes, besides cymene. 

S. Pickles') has examined an oil of entirely different com¬ 
position, though according to determination made by the botanical 
Institute at Kew, it was likewise derived from O. hirtum, Lk. 
The material to be distilled was collected by the Commercial 
Museum at Trieste and yielded 3.3 p.c. of oil, dy,.0.9440; 

4 0°24'; soluble in 2.8 vol. of 70 p.c. alcohol; phenol con¬ 
tent 64.4 p.c. Contrary to the observations made in connection 
with the above oil, the phenol consisted principally of thymol. 
Carvacrol was not present. 

Three oils distilled*) in the Dalmatian islands Curzola and 
Lissa, likewise contained thymol only. According to Dr. Giessler, 
custodian of the Botanical Institute of the University at Leipzig, the 
herb was that of Origanum hirtum, Lk. a albiflorum. d, 5 ,,0.9231 
to0.94Q0; «j, to 0°20'; n„,„J .49394 to 1.50436; soluble in 
1.3 to 2.8 vol. and more of 80 p.c. alcohol. Thymol content 57 to 
60 p.c. 

2. Origamum Oil from Smyrna. 

Origin. This oil is distilled in Asia Minor^) and presumably 
elsewhere, from the herb of Origanum smyrnaeum, L. (O. Onites, L., 

') Bull. Imp. Inst. » (1911), 388. - Proc. Chem. Soc. 25 (1911), 284. 

*) Report, of Schimmel S Co. October 1911, 63. 

*) This is possibly the same oil which is distilled in primitive apparatus 
in Konia, Anatolia,' and sold in the’streets of Constantinople in small flasks as 
a remedy against rheumatism. Comp. Report of Schimmel & Co. April 1891,56. 
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Majorana Onites, [L.] Benth.) and enters commerce at Smyrna. 
The yield from the dry herb is 1.4*) to 2.4 p.c.*). 

Properties. The oil is of a golden-yellow to brown color 
and has a mild odor reminding somewhat of linaloe oil or 
Ijnalool. d.„. 0.898 to 0.960; «„ - ! to —14'’; nj,,,„J.495 to 

l. 523; soluble in 2 to 3 vol. and more of 70p.c. alcohol. The 
phenol content fluctuates greatly, viz., from 16 to 74 p.c. and 
for the most part lies between 25 and 45 p.c. in reverse pro¬ 
portion thereto is the lirialool content that fluctuates between 
20 to 50 p.c. (determined by fractionation). The specifically 
light oils are mostly the ones richest in linalool. 

Composition. The Smyrna oil mostly differs from the Trieste 
oil by its linalool content which is not unappreciable. As a 
result the phenol content is lower. According to an investigation 
by E. Ciildemeister") there is present, in .addition to very much 
carvacrol (m.p. of phenyl urethane 140"), very little phenol colored 
violet by ferric chloride which has already been mentioned in 
connection with the Trieste oil. Fraction 155 to 163° («„ —3"28') 
has the remarkably low specific gravity of 0.826 at 15°. For 
this reason the presence of a so-called olefinic terpene is suspected. 

Upon oxidation of fraction 175° hydroxy /sopropyl benzoic 
acid, m.p. 156 to 158‘, was obtained. Boiled with fuming hydro¬ 
chloric acid this was converted into /sopropenyl benzoic acid, 

m. p. 257 to 262", thus proving the presence of cymene. Fraction 
198 to 199' (d,j.0.870; «„ —15°56') possessed all of the pro¬ 
perties of \-linalool. Its presence was proven by oxidation with 
chromic acid mixture resulting in the formation of citral. The 
identity of this aldehyde was proven in the usual manner by 
converting it into citryl-|Sl-naphthocinchoninic acid, m.p. 198 to 199°. 

As reported by Schimmel 8( Co.*) cedro! (cedar camphor) 
crystallized from the highest boiling fractions. This amounted 
to about 5 p.c. of the original oil. Purified by suction and 
pressure from adhering oil and recrystallized from dilute alcohol, 
it was obtained in needle-shaped crystals melting at 81 to 84°. 


*) Bull. Imp. Inst. 0 (1911), 388. 

*) Observation made by Schimmel £| Co. 

Ober Smyrnaer OriganumOl. Arch, der Pharm. SI (1895), 182. 
*) Report of Schimmel S Co. October 1#06, 48. 
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After further recrystallization from petroleum ether it melted 
fairly constantly at 85.5 to 87'; [((]„ + 8'’48' (in lOp.c. chloro¬ 
form solution). A depression of the melting point of a mixture 
of the sesquiterpene alcohol described above with cedar camphor 
did not take place. Its phenyl urethane melted at 106 to 107'. 

Whether the cedar camphor was a natural constituent of 
the oil or was present because of adulteration with oil of cedar 
could not be determined. In two oils'), which were examined 
later, cedar camphor could not be detected. In connection with 
one of these oils the presence of previously isolated constituents 
was verified, partly by means of new derivatives. The presence 
of u-pinene in the lowest, slightly laevogyrate fraction («„ r56') 

was demonstrated by its nitrolbenzylamine melting at 123.5 ; 
likewise that of A-camphor by means of its leevogyrate oxime 
melting at 120’. Of carvacrol its nitroso compound melting at 
153 , of /-linalool its phenyl urethane (m.p. 63 to 64 ) were 
prepared. 

3. Cyprian Origanum Oil. 

Origin. The botanical origin of the origanum oil distilled 
in fairly large quantities in Cyprus is still in doubt. On the 
island the plant yielding the oil is known as Y’/j'ar*/-). Gennadius”), 
the former Director of the Board of Agriculture in Cyprus, regards 
it as Origanum Onites. Holmboe-), who visited the island as 
representative of the University of Christiania, regards it as 
0. dubium, a subspecies of O. Maru, L., whereas Holmes") 
regards it as O. majoranoides, Willd., a variety of 0. Maru, L. 
According to D. Saracomenos'*) the plant grows wild in the 
northwestern part of the island. 

The distillation begins in July or somewhat sooner, when 
the seeds are mature, and lasts until the middle of December. 
In order to obtain one oke of oil (=^ 2-1^ lbs. or a quart), 30 
to 45 okes of origanum herb are required. The oil distilled 
from fresh plants has a dirty gray color, whereas the oil distilled 
from plants that have been stacked for a month, is of a dirty 


*) Report of Schimmel & Co. April 1911, 81. 

•) S. Pickles, lourn. Chem. Soc. 98 (1908), 862. 

") Pharmaceutical journ. 79 (1907), 378. — Perfum. Record 4 (1913), 41. 
*) Chemist and Druggist 70 (1907), 365. 
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red, a color that is likewise assumed .in the course of time by 
the oil distilled from fresh plants. 

In 1909 there were produced 1772 lbs.’) and in 1910 as 
much as 2842 lbs. -) of Cyprian origanum oil. It is also designated 
oil of thyme but erroneously'). 

Properties. The oil whiph is originally of a light color 
rapidly becomes dark under the influence of air. d^^. 0.962 to 
0.967; «„ inactive or slightly dextrogyrate, up to +0°20'; soluble 
in 2 to 3 vol. and more of 70 p.c. alcohol; phenol content 
(carvacrol) 70 to 84 p. c.') ■’). 

Composition. According to Francis"), the Government analyst, 
Cyprian origanum oil consists principally of a mixture of thymol, 
thymene and cymene whereas the phenols of the oils examined 
by the Imperial Institute of London and by Schimmel § Co. were 
identified as carvacrol. 

Saracomenos") determined the thymol content of the oils 
examined by Francis gravimetrically. In the dark oil he found 
79 p.c. and in the light oil 83 p.c. 

Pickles") suspects that these analyses merely represent the 
result of fractionation without farther chemical characterization of 
the constituents. Moreover, Francis appears to have regarded the 
oil in question as a thyme oil and consequently assumed that 
the carvacrol was thymol. The fraction pronounced hy him as 
thymene possibly should be regarded as /-pinene. 

In a Cyprian oil Pickles") found traces of an acid with the 
odor of \sobutyric acid, also 84 p.c. of carvacrol (m.p. of nitroso 
compound 153 to 154°; m.p. of phenylurethane 140"). In addition 
he found small amounts, about 0.2 p.c., of & phenol Ci,H,,|Ou which 
yielded a handsome purple color reaction with ferric chloride and 
which probably was a hydroxy methoxy cymene. 

From the non-phenol portion of the oil there was separated 
a fraction 160 to 164° (750 mm.) with a lemon-like odor (2.5 p.c. 

') Chemist and Druggist <•'> (1009), 834. 

*) Bull. Imp. Inst. 10 (1912), 148. 

") ). C. Umney, Chemist and Druggist 7r> (1909), 452. 

‘) S. Pickles, lourn. Chem. Soc. 03 (1908), 862. 

") Bull. Imp. Inst. 4 (1906), 297.—Report of Schimmel 6 Co. April 1907,100. 

") Loc. cit. 
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-of the oil) dj,. 0.847; n,, 1.480; and «„ + r50'. It was regarded 
as an unknown terpene and named origanene. The hydrocarbon 
yielded a nitrosochloride melting at 91 to 94° from which a 
nitrolbenzylamine (m. p. 104 to 105°) and a nitrolpiperidide 
(m.p. 198°) were prepared. After shaking with dilute sulphuric, 
acid for several days terpin hydrate, m.p. 118 to 119", resulted, 
which yielded dipentene dihydroiodide with hydrogen iodide. From 
the mother liquid of the terpin hydrate crystal mixtures were 
obtained, a fraction melting between 126 and 131°. Pickles 
suggests a formula for origanene which, however, corresponds 
with Wallach’s formula for a-terpinene. 

Fraction 174 to 175° consisted of cymene (m.p. of p-hydr-, 
oxy/sopropyl benzoic acid 156 to 157°; m.p. of /sopropenyl 
benzoic, acid 256 to 257°). In addition to origanene and cymene 
a third hydrocarbon was present which added two molecules 
of hydrogen chloride. However, no crystalline derivative was 
obtainable, hence it could not be further characterized. These 
hydrocarbons constituted about 8.5 p.c. of the oil. 

Fraction 110 to 120° (10 to 15 mm.) constituted about 
3.5 p.c. of the oil, had an agreeable odor of menthol and camphor, 
the composition CioHigO and the following constants: d„. 0.934; 
a„—4°. The examination for ketones and esters yielded negative 
results. It appeared to be a terpene alcohol similar to terpineol, 
from which phenyl/socyanate and phthalic acid anhydride readily 
split off water and which yielded terpin hydrate when shaken 
with dilute sulphuric acid. The higher-boiling fractions, about 
1.3 p.c. of oil, seemed to consist of a mixture of oxygenated 
constituents. Methoxy- and ethoxy compounds were not present, 
of esters small amounts at most. , 

4. Syrian Origanum Oil. 

Origin. This oil is probably obtained from Origanum Maru, L., 
which is indigenous to the countries of the eastern Medi¬ 
terranean, such as Syria, Palestine, and Tripoiis.' The material 
which Schimmel 8t Co. had obtaineql from their agent, which 
according to him is the source of the oil, had been sent to 
E. M. Holmes'), who recognized it as the herb of 0. Maru, L. 


*) Perfum. Record 4 (1913), 71. 
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The varying composition of the oil, sometimes containing thymol, 
sometimes carvacrol, leads one to suspect that different species 
are used in Syria for distillation. 

Properties, d^j. 0.930 to 0.960 (in one instance 0.977); 

—0°50' to +r35', mostly dextrogyrate; phenol content 57 
to 74 p.c.; in most cases soluble in 2 to 3 vol. of 70p.c. alcohol, 
the addition of more solvent almost always causing opalescence 
and even turbidity. 

Composition. In connection with the oils that first appeared 
in the market Schimmel 8( Co. *) found that the phenols consisted 
exclusively of carvacrol^), oils examined later contained either 
thymol*) alone or thymol and carvacrol. 

From an oil examined by Roure-Bertrand Fils^) there sepa¬ 
rated upon standing a transparent substance, possibly cedar 
camphor. 

5. Sicilian Origanum Oil. 

For a Sicilian oil, possibly from Origanum creticunf'), Umney 
and Bennett*) report the following constants: d,,. 0.920; +0°; 

phenol content 44 p.c., principally carvacrol; soluble in 2 vol. of 
80 p.c. alcohol; does not yield a clear solution with 70 p.c. alcohol. 
48 p.c. of the oil distilled below 220'. 

6. Greek Origanum Oil. 

In connection with a Greek oil, Evans Sons Lescher and 
Webb Ltd.") determined the following constants; d^ 0.9351; 
ajj+O”; nj, 2 „. 1.502; phenol content 63 p.c.; soluble in 4 vol. 
and more of 70 p.c. alcohol. 


*) Report of Schimmel S Co. April 19«J, 73. — Berichte von Roure- 
Bertrand Fils April 1911, 24. 

•) Report of Schimmel 8| Co. April 1907, 73. 

“) Ibidem October 1911, 63. 

*) Loc. cit. 

*) Umney and Bennett fail to give the author's name. The Index, 
gewensis records: Origanum creticam, L. = O. vdigare, L., O. creticum, 
Schousb. ex Ball. — O. compactum, Benth., and O. creticum, Sieber ex 
Benth. = O. hirtum, Link. 

•) Pharmaceutical )ourn. 75 (1905), 860. — Chemist and Druggist «7 
(1905), 970. 

’) Analytical Notes 1910; Report of Schimmel S Co. April 1911, 84. 
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807. Oil of Origanum floribundum. 

Battandier*) found that the volatile oil of Origanum flori¬ 
bundum, Munby (O. cinereum, De Noe) yields, upon shaking, 
about one-fourth of its volume to alkali. The separated phenol 
crystallizes almost completely when touched with a thymol 
crystal, hence consists principally of thymol The small residue 
of liquid phenol appears to be carvacrol. 

808. Oil of Pycnanthemum lanceolatum. 

The oil of the herb of f(oellia ianceoiata (Pursh), 0. K. 
(Pycnanthemum lanceolatum, Pursh; Thymus virginicus, L.)‘-'), 
known as mountain mint, can scarcely be distinguished as to 
odor from American pennyroyal oil. djj.O.QlS’) to 0.936 ^); 
d.,„,0.914 to 0.935; <(,, — 0.566 to -f 11.083‘’'-). 

According to CorrelP) it contains 7 to 9 p. c. of carvacrol 
(m. p. of carvacrol sulphonic acid 56 to 57°; m.p. of dicarvacrol 
145 to 147°). The non-phenol oil distilled between 180 to 230". 
The analysis of fraction 220 to 230° (d^,,, 0.922; [«]„ H- 14.88°), 
which had a mint-like odor, corresponded with the formula 
and suggested pulegone. The identity of this ketone was established 
by Alden®) who prepared the pulegone oxime hydrate. He obtained 
crystals melting at 151”, which after cooling and congealing, melted 
at 117 to 118° when heated a second time. The melting point 
of pulegone oxime hydrate, the pulegone oxime of Beckmann and 
Pleissner, is at 156 to 157°, that of Wallach’s normal oxime at 118". 

809. Oil of Pycnanthemum incanum. 

This oil was distilled with a yield of 0.98 p.c. from the dry 
herb of l^oellia incana (Mchx.), Baill. (Pycnanthemum incanum, 
Mchx.) known in North America as mountain mint or basil"), 
it had a reddish-yellow color and a strongly aromatic odor; 
d0.935; yields a clear solution with 2 vol. of 70 p.c. alcohol. 

‘) )ourn. de Pharm, et Chim. VI. 10 (1902), 536. 

“) Pycnanthemum lanceolatum and P. linifolium were formerly regarded 
as one and the same species and described as Thymus virginicus, L. 

“) H. C. Barker, Americ. joum. Pharm. 08 (1894), 65. 

*) W. 0. Correll, Pharm. Review 14 (1896), 32. 

"TT. W. Alden, ibidem 18 (1898), 414. 

") Report of Schimmel S Co. October 189S5, 45. 



586 


Family: Rubiacka;. 


Family: RUBIACEM. 

853. Gardenia Oil. 

An oil was obtained from flowering gardenias’) according 
to the maceration process, by means of vaselin oil, with a yield 
of 0.0704 p.c. According to E. Parone”) it is yellow in color 
and at 20.5° has a specific gravity of 1.009; 4-1-47° 

in a 50 mm. tube. Under ordinary pressure it began to distill 
at 204° with partial decomposition, whereas under a pressure 
of 12 to 15 mm. it distilled largely between 84 and 150°. Parone 
identified the following constituents: benzyl Acetate, styro/yl ace¬ 
tate (acetate of methyl phenyl carbinol C„H„ CH-[OCOCH.,]CH 3 ) 
linalool, linalyl acetate, terpineol and anthraniUc acid methyl 
ester. 

Benzyl acetate is the principal constituent of gardenia oil, 
whereas the peculiar aroma is due primarily to the styrolyl 
acetate. 

854. Oil of Chione glabra. 

Origin. In the West Indian island Grenada, the tree Chione 
glabra, D.C. is known as violette on account of the aromatic 
odor of its flowers. In Porto Rico it is known palo bianco. The 
wood and bark possess a disagreeable faecal odor which gradu¬ 
ally disappears upon exposure. 

Production and Properties. According to B. H. Paul and 
A.). Cownley”) steam distillation of the bark yields a pale yellow 
volatile oil (yield 1.5 p.c.) that is heavier than water and which, 
when cooled to —20° congeals to a mass of needle-shaped crystals. 

Composition. The oil, which possesses in a high degree the 
odor of the bark, has been examined by W. R. Dunstan and 
T. A. Henry*). It 'consists principally of a liquid substance, which 
congeals at low temperature, boils at about 160° (34 mm.), has 

*) A number of species of the genus Gardenia (family gubiacese) 
possess a very agreeable odor, e. g. G. florida, L, and G. grandiflora. Lour., 
which are cultivated in Germany as well as elsewhere for decorative purposes. 

*) Boll. Chim. Farm. 41 (1902), 489; Chem. Zentralbl. 1902, II. 703. 

") Pharmaceutical journ. 01 (1898), 51. 

*) Journ. Chem. Soc. 75 (1899), 66. 
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a specific gravity of 0.850 at 15", and the composition of which 
is expressed by the formula Its odor is aromatic and 

slightly fecal. With acetic acid anhydride it yields an acetic 
ester melting at 88°. With hydroxylamine and phenylhydrazine 
there result compounds the formation of which indicates the pre¬ 
sence of a carbonyl group. The oxime melts at 112°, the phenyl- 
hydrazone at 108°. Fused with potassium hydroxide, there results 
salicylic acid, also phenol, whereas nitric acid produces picric 
acid. These results indicate that the compound is o-hydroxyacoto- 
phenone • OH'"' • CO • CH,,'". Asa matter of fact the synthetic 

preparation obtained from o-nitro cinnamic acid in a roundabout 
way agrees with the natural product. 

Besides o-hydroxyacetophenone the oil contains a colorless, 
crystalline sub.stance that melts at 82 . It is possibly an alkyl 
derivative of phenol, but could not be further investigated on 
account of the small amount available. In addition the oil con¬ 
tains traces of a nitrogenous substance, but it was not possible 
to establish the presence of indol or its derivatives which seemed 
indicated by the odor of the crude material. 

855. Oil of Morinda citrifolia. 

The fruits of the tropical Morinda citrifolia, L, contain, 
according to C.). E. Lohmann'), a higher fatty acid, also an e.ster. 
From these fruits, known in )ava as bengkudu or tjangkudu, 
A. W. K. de long distilled a volatile oil that was investigated by 
P. van Romburgh-). 

The yellowish-colored oil had a specific gravity of 0.927 
at 13° and was turbid in consequence of the separation of small 
crystals. Recrystallized from alcohol, these melted at 60° and 
consisted of paraffin, as was shown by analysis. The oil, deprived 
of crystals, dissolves almost completely in diluted caustic soda 
solution. The solution contained caproic acid (m. p. —5.2°; 
d| 5 . 0.932) and caprylic acid (m.p. 15.2°; d,,,. 0.913), also traces 
of a higher fatty acid. 

In the neutral portion of the oil, which constituted only a 
small percentage thereof, there were identified, after saponifica- 

‘) Verslag’s Lands Plantentnin, Biiitenzorg ISIKi, 59. 

*) Koninklijke Akademie van Wetenschappen te Amsterdam, 1909, 17. 
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tion, ethyl alcohol (characterized by its boiling point and the 
iodoform test), probably also methyl alcohol, and alcohols with 
an odor of fusel oil. 

The fatty acids constitute more than 90p.c., a remarkable 
phenomenon for a volatile oil. 

856. Oil of Nuanua Leaves. 

Prom the leaves of species of Nelitris, Gartn., a tree known 
as Nuanua, which Schimmel 8j Co.*) had obtained from Samoa, 
steam distillation yielded 0.63 p.c. of a yellowish-green oil with 
an ambra-like odor that had the following constants: d^^. 0.Q025; 
«n--f 9°30'; nj, 2 „. 1.48490; A.V.2.2; E.V.7.4; soluble in about 8 vol. 
of 90 p.c. alcohol with the separation of slight amounts of paraffin. 

The oil obtained by water distillation with a yield of 0.104 p.c. 
from the same material likewise had an ambra-like odor but was 
fainter and less agreeable than that of the oil obtained by steam 
distillation, d^^. 0.9373; «i,-10'’10'; nu 5 „, 1.50142; A.V. 11.0; 

E. V. 11.0; soluble in about 12 vol. of 90 p.c. alcohol with sepa¬ 
ration of paraffin. 

Family: CAPRIPOLIACEJE. 

857. Oil of Elderberry Flowers. 

The oil of the flowers of Sambucus nigra, L., Ger. Holunder, 
has been prepared repeatedly both from fresh and dry material -). 
It was mostly obtained by shaking the aqueous distillate with 
ether after the water had been saturated with salt, and sub¬ 
sequent evaporation of the ether. In this manner Pagenstecher 
obtained 0.32 p.c. of oil. Schimmel 8; Co. obtained by steam 
distillation without the use of ether a yield of 0.0037 p.c. from 
fresh material and 0.027 p.c. from dry material. 

Ordinarily the oil is of a butyraceous or wax-like consistence 
at medium temperature, of light yellow to yellowish-green color 
and of an intense elderberry blossom-like odor which becomes 

*) Report of Schimmel & Co. November 1908, 136. 

’) J. Eliason, Trommsdorff's Neues Journ. d. Pharm. 9 I. (1824), 246. — 

F. L. Winckler, Pharm. Zentralbl. 1887, 781. — Repertor. f. d. Pharm. 7:{ 
(1841), 35. — Muller, Arch, der Pharm. 95 (1846), 153. 
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especially pronounced in great dilution. More rarely is the oil 
liquid. It then congeals upon cooling (Winckler). 

According to Gladstone*) it contains a terpene, 
According to H. HaenseP), the stearoptene is a mixture of pal¬ 
mitic acid and tricosane, a paraffin hydrocarbon. 

According to E. Bourquelot and E. Danjou “) the leaves, buds 
and flowers contain a glucoside named sambunigrin, which emul- 
sin hydrolyzes to benzaldehyde and hydrocyanic acid. 

858. Oil of Sambucus Ebulus. 

From the (fresh?) leaves of a dwarf elder, Sambucus Ebu¬ 
lus, L., Ger. Zwergholunder, or Aitich, H. Haensel*) obtained 
0.0763 p.c. of a dark brown oil with an unpleasant odor; d,,,.0.8998; 
A.V. 250.9; E.V.46.0. Upon saponification it loses its unpleasant odor 
which is supplanted by a pleasant odor reminding of dry apricots 
and peaches. The oil contains palmitic acid and an alcohol not 
further characterized. 

Family: VALE RI AN AC 

859. Oil of Nardostachys jatamansi. 

According to Kemp’) the roots of Nardostachys Jatamansi, D.C. 
yield about 1 p.c. of a volatile oil of a light color: d,,, 0.9748; 

From the drug Ran-sho-ko which is esteemed in )apan as 
a perfume and which presumably consists of the rhizome of 
Nardostachys Jatamansi, D.C. to which are attached fragments 
of leaves, Y. Asahina") obtained 1.9 p.c. of a greenish-yellow oil 
with a pleasant odor, which resinifies readily when exposed to 
the air; d,j, 0,9536; —ir30'; n,,,. 1.571; A.V. 0; S. V. 45.7; 

S. V. after acetylation 66.42. It contains a sesquiterpene boiling 
between 250 and 254’ (dj,. 0.932). 


*) lourn. Chem. Soc. II (18b4), 1 et seq.\ )ahresber. d. Chem. IStitt, 545. 
>) Pharm. Ztg. 60 (1905), 412. 

“) Journ. de Pharm. et Chim. VI. 23 (1905), 154, 210, 219. - Comp, also 
Cuignard, Compt. rend. 141 (1905), 16. 

*) Apotheker Ztg- 26 (1910), 303. 

'^) Dymock, Warden and Hooper, Pharmacographia indica. Vol. II, 237. 
“) journ. Pharm. Soc. of japan 1901, 355. 
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860. Oil of Valerian. 

Oleum Valerians. — BaldriaaSI. — Easence de Valiriane. 

Origin. Valeriana officinalis, L. and several of its varieties 
occur wild and cultivated in the temperate and more northern 
countries of Europe and Asia. The rhizomes contain a volatile 
oil with a peculiar odor which at an early time attracted attention 
and which caused the root to be used as a remedy. For pur¬ 
poses of commerce and distillation the plant is cultivated in 
Germany (Thuringia), France (Dep. du Nord), Holland, England 
and North America. 

Production. For purposes of distillation the dry root is mostly 
used, rarely the fresh root. Whereas Trommsdorff claims that 
the dry root yields relatively more oil than the fresh root, Zeller 
points out that neither the fresh nor the dry condition of the 
root exercise any material influence on the yield. According to 
P. Carles^) the fresh root juice contains an oxydase which may 
exert some influence on the odoriferous constituents. Concerning 
the oil cells contained in valerian root see W. Unger, Apothcker 
Ztg. 37 (1912), 1021. 

From the dry Thuringian root Schimmel £| Co. obtained 0.5 
to 0.9 p.c. of oil, from the Dutch about 1 p.c. The aqueous 
distillate is strongly acid from valeric acid which presumably 
results during the process of distillation upon hydrolysis of the 
bornyl valerate contained in the roots. 

Properties. In the fresh condition, oil of valerian is a 
yellowish-green to brownish-yellow, limpid, slightly acid liquid of 
a penetrating, characteristic, not unpleasant odor. Old oils are 
dark brown and viscid, have a strong acid reaction and, on 
account of free valeric acid, a decidedly disagreeable odor. The 
stearoptene that occasionally separates from old oils consists 
of borneol. 

As a rule the specific gravity lies between 0.920 and 0.960. 
Abnormally light were the oils investigated hy Oliviero (sec 
Composition). They had been distilled from fresh French roots 
of plants growing wild in the D6partements Vosges and Ardennes. 
Their specific gravity is given as between 0.880 and 0.912 at 0°, 

*) )oum. de Pharm. et Chim. VI. 12 (1900), M8. 
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corresponding to a density of 0.868 to 0.900 at 15'; - 8 to 

- 13°; nj,,„J.485; A. V. 14 to 50; E. V. 50 to 100. With 80 p.c. 
alcohol it yields a turbid solution and sometimes is insoluble; 
soluble in 0.5 to 1.5 vol. and more of 90 p.c. alcohol. Older oils 
are more readily soluble, in about 2 vol. and more of 80 p.c. 
alcohol. 

Composition. Although valerian oil has been examined 
repeatedly since the beginning of the last century i), its compo¬ 
sition has been ascertained only comparatively recently by the 
identification of its several constituents. This was done primarily 
by the investigations of G. Bruylants*) and Oliviero'*). 

Of the constituents of this oil valeric acid, which obtained 
its name from the plant, has been known the longest. It was also 
ascertained that the oil, upon oxidation, yielded ordinary camphor. 

The lowest fraction of the oil consists of a mixture of 
Vcamphene^) and \-pinene. According to Oliviero, there is present 
also a small amount of active citrene(?) although the proof of 
this statement is wanting. 

Fraction 180 (ordinary pressure) of the saponified oil con¬ 
tains l-Ziomeo/. It is originally contained in the oil as e.ster of 
iormic, acetic, butyric and valeric acids, however, by far the 
largest amount is combined with valeric acid. According to 
). E. Gerock'') the oil contains about 9.5 p.c. bornyl valerate 
and 1 p.c. of bornyl ester of each of the other three acids. 

*) ). B. Trommsdorff, Trommsdorff's joiirn. d. Pharm. 18 I. (1809), 3 and 
Liebig’s Annalen 6 (1833), 176 and 10 (1834), 213. — Ettling, ibidem 9 (1834), 40. — 
Gerhardt and Cahours, Annal. de Chiiti. et Phys. ill. 1 (1841), 60. — F. Roch- 
leder, Liebig’s Annalen 44 (1842), 1. — C. Gerhardt, ibidem (1843), 29 and 
lourn. f. prakt. Chem. 27 (1842), 124. — Pierlot, Annal. de Chim, et Phys. 111. 
14 (1845), 295 and 56 (1859), 291. 

-) Berliner Berichte 11 (1878), 452. 

■■') Compt. rend. 117 (1893), 1096. - Bull. Soc. chim. III. 11 (1894), 150 
and i;» (1895), 917. 

*) The claim made by Oliviero that valerian oil and oil of spike are the 
first oils in which camphene was found is based on error. The occurrence 
of camphene in citronella oil and in ginger oil was reported in the Report 
of Schimmel E( Co. for October 1898 pp. 15 and 25. The first publication of 
Oliviero (also that of Bouchardat on oil of spike) appeared in the December 23 
number of the Comptes rendus for 1893. 

") lourn. d. Pharm. f. ElsaS-Lothringen 19 (1892), 82; jahresb. f. Pharm. 
1892, 445. 
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Fraction 132 to 140° (50 mm.) probably contains terpineol, 
which, however, could not be isolated in the crystalline condition. 
The formation of dipentene dihydrochloride admits, with fair 
certainty, to conclude the presence of this alcohol. 

Between 160 and 165° (50 mm.) a Isevogyrate sesquiterpene 
and at 190° a Substance passes over the analysis of 
which agrees with the formula judging from its be¬ 

havior toward benzoic acid anhydride and hydrogen chloride, 
this substance is an alcohol. 

From the water that was used to wash the saponified oil, 
Oliviero separated an alcohol Ci„H,,„02 that crystallized in laminas. 
It is strongly lievogyrate and melts at 132°. According to F. 
A. Fliickiger*) the highest boiling fractions of valerian oil contain 
a blue oil boiling at 300". 

Merely on the strength of its elementary analysis, Bruylants^) 
is of the opinion that the liquid fraction distilling between 285 
and 290" contains bornyl ether or bornyl oxide CjjFl„-0-Cj„H,,. 
This, however, is not very probable and certain ly demands 
verification. 

Mexican Oil of Valerian. 

A valerian root obtained by Schimmel Sj Co.“) from Mexico 
and presumably derived from Valeriana Mexicana, D.C. was distilled 
by them. However, only an aqueous distillate was obtained from 
which no oil separated. Only upon cohobation was an oily 
substance obtained which had the disagreeable odor of valeric 
acid and the specific gravity of which was 0.949 at 15°. It was 
optically inactive, and, when shaken with soda solution, it was 
dissolved with the exception of a few floccules. Titrated with 
alcoholic potassa the acid value was found at 415 correspond¬ 
ing to 89 p.c. of valeric acid hydrate C^Hj^O., HjO. 

According to this observation Mexican valerian root yields 
next to no volatile oil but only free valeric acid. Inasmuch as 
the root has a decided odor of the acid it is to be assumed 
that valeric acid occurs in the root as such and is not formed 
during distillation. 

*) Arch, der Pharm. 209 (1876), 204. 

2) Berl. Berichte 11 (1878), 452. 

•'') Report .of Schimmel S Co. April 1897, 44. 
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861. Kesso Root Oil. 

Origin and Production. Japanese valerian root is not derived, 
as was at first assumed, from Patrinia scahiosiefoUa, Link, but 
from Valeriana officinalis, L. var. angustifolia, Miq., a plant which 
IS known in japan as /(esso /(anokosd. Upon distillation it yields 
up to 8p.c. of oil (mostly 5 to 6.5 p.c.) hence is much richer 
in oil than ordinary valerian root. 

Properties. The lajvogyrate oil can scarcely be distin¬ 
guished from oil of valerian so far as the odor is concerned. 
It IS heavier, viz., d,,. 0.960 to 1.004; «„~23 to —34"; 
n„.,„. 1.477 to 1.487; A. V. 1 to 20; E. V. 92 to 134; E. V after 
acetylation 145 to 157; soluble in 1 to 2.5 vol. and more of 
80 p.c. alcohol, the dilute solution .showing occasionally a faint 
opalescence. 

Composition.') Likewi.se as to its composition kesso oil 
closely resembles oil of valerian. In addition to practically all 
of the constituents of valerian oil it contains kessylacetate which 
is responsible for its high density. When distilled there first 
passes over a fraction which is strongly acid and has a most 
offensive odor of decaying cheese. It contains acetic acid, valeric 
acid and probably also valeric aldehyde. 

Fraction 155 to 160" is strongly Ijevogyrate and, like the 
corresponding fraction of valerian oil, consists of \-u-pinene 
(m. p. nitrosopinene 101 ) and l-camphcne^) (m. p. of/soborneol 
212"). Between 170 and 180" dipentene (m. p. of tetrabromide 
123") passed over. It is a question, however, whether this hydro¬ 
carbon is an original constituent of the oil or whether it has 
resulted from the action of acids on pinene or terpineol. 

Like the borneol of oil of valerian, that of kesso oil is 
laevogyrate and is present as acetic and isovaleric ester. Bornyl 
formate present in oil of valerian is entirely wanting in kesso 
oil. Terpineol was identified by preparing dipentene dihydriodide, 
m.p. 76 , from fraction 200 to 220". Other characteristic reactions 
for. terpineol could not be obtained because of the presence of 

‘) ). Bertram and E. Ciidemeister, Arch, der Pharm. 288 (1890), 483. 

") ). Bertram and H. Walbaum, [ourn. f. prakt. Chem. II. 49 (1894), 18. 

OILDEMEISTER, ThE VOLATILE OILS. III. 38 
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borneol which was difficult to remove. Fraction 260 to 280°, 
which had a decided sesquiterpene odor, yielded no solid hydro¬ 
chloride. in addition to a blue oil, the highest fraction contains 
kessyl acetate, the acetate of an alcohol 

Kessyl acetate, Ci 4 H„a 02 C 0 CH.„ is a viscid oil that does 
not solidify at -—20 ’. Under 15 to 16 mm. pressure it distills 
between 178 and 179", under ordinary pressure at about 300° 
but not without decomposition; «), — 70‘ 6'. 

Kessyl alcohol, C,,Fl 2 iO,j, crystallizes in large, well-developed 
crystals of the rhombic system. It is odorless, insoluble in water, 
readily soluble in alcohol, ether, chloroform, benzene and petroleum 
ether. It melts at 85" and boils at 155 to 156" under 11 mm. 
pressure, and at 300 to 302° under ordinary pressure. Its 
alcoholic solution is lawogyrate. 

Oxidized with potassium dichromate and sulphuric acid it 
is converted into a compound containing two hydrogen atoms 
less, that crystallizes in blunt needles, melts at 104 to 105° and 
deviates the ray of polarized light to the right. 

The blue substance found in oil of valerian is also con¬ 
tained in kesso oil. 

862. Oil of Valeriana celtica. 

Valeriana celtica, L., a rather insignificant plant growing in 
the Alps of Styria, yields the drug formerly known as Spica 
celtica, Ger. Speik, Alpenspik, ceitischer Spik. Upon distillation 
the root yields 1.5 to 1.75 p.c. of volatile oil with a strong odor 
reminding more of Roman chamomile and patchouly than of 
valerian. Its specific gravity is 0.967 and it boils between 250 
and 300° 1). 

An oil, obtained by H. Haensel'^) with a yield of 0.1 p.c., 
had an odor of valerian and asarum: d^^. 0.9693; %, — 42°; 
S. V. 62.5; E. V. of the previously saponified and acetylated 
oil 71.9; soluble in all proportions in 90 p.c. alcohol. It 
contains palmitic acid and a sesquiterpene boiling at about 
255°; d,o. 0.9359; 30.88°. 


*) Bericht von Schimmel £i Co. October 1887, 36. 
’) Chem. Zentralbl. 1909, II. 1557. 
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863. Ageratum Oil. 

Ageratum^) conyzoides, L. is widely distributed in tropical 
countries, e.g. in )ava“), in Central Africa») and particularly in 
Annam*) where it is so common as to be a plague to the planters. 

This plant was first distilled in Buitenzorg by P.van Romburgh'’’), 
who observed the occurrence of methyl alcohol, d.,,,,. 1.015; 

2.75 . The oil distilled at about 260', hence probably con¬ 
tains a derivative of the sesquiterpene series. 

Another sample of oil. likewise from |ava, had the following 
properties: d^,. 1.028; (r„-r22'; soluble in 1 vol. and more of 
90 p.c. alcohol"). 

For an ageratum oil obtained from Annam, Roure-Bertrand 
Fils*) record the following properties: d,,,1.1090; «,,_r20'; 
A.V. 0.9; E.V. 11.2; almost completely soluble in 5 vol. and 
more of 80 p.c. alcohol, also in 0.5 vol. of 90 p.c. alcohol. 
The oil had been distilled with a yield of 0.0054 p.c. 

864. Dog Fennel Oil. 

Eupatorium capillUolium (Lam.), Small, (f. foeniculaceum. 
Willd.) is a North American Eupatorium that occurs from the 
Virginia coast regions southward. The common name dog fennel, 
Ger. Hundefenchel, is due to the fennel-shaped leaves. 

An oil distilled in Florida from the entire plant was light in 
color and had an aromatic pepper-like odor, totally unlike fennel. 
d,„. 0.935; «„ 4 17° 50'. It contained a large amount of phel- 

’) According to H. Molisch and S. Zeisel Ageratum mexicamim, Sims 
(Berichte bot. Ges. 6 [1888], 353) in the fresh condition has an odor due in 
ail probability to a volatile oil, whereas the dry plant has the odor of cumarin, 
0.06 p. c. of which has been shown to be present. The leaves of A. brachy- 
stephanum, Reg. likewise contain cumarin after they are dead and dried. 

*) Report of Schimmel 8) Co. April 1898, 53. 

”) E. de Wildeman, Notices stir les plantes utiles. Publication de i'Etat 
du Congo 1900, Vol. II. Fasc. 1. p. 110. 

*) Berichte von Roure-Bertrand Fils April 1914, 8. 

") Bericht von Schimmel. 6i Co. October 1887, 36. 

*) Observations made in the Laboratory of Schimmel ft Co. 

38* 
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landrene'). A second oil, distilled from the flowering herb, 
yield 0.1 p.c., had the following properties: dj„.0.926; +18°38'j 

E.V. 7.11. It contained much phellandrene*). Whereas these 
oils were dextrogyrate, 30 samples distilled by E. R. Miller^) in 
the course of eleven years from material collected in Alabama 
were lasvogyrate. The yield from fresh herb was 0.8 to 1.35 p.c.: 
d:“:0.9278 to0.9472; «„-3.7 to — 16.8°; n,„„. 1.50055 to 1.50688; 
A.V. 0.18 to 0.25; S.V. 10.92 to 13.67; soluble in about 0.7 vol. 
of 90 p.c. alcohol, the addition of more solvent causing turbidity. 
The oil contained at most traces of aldehydes and ketones and 
possibly a little salicylic acid. A methoxy! determination revealed 
the presence of a phenol ether which proved to be the dimethyl 
ether of thymohydroquinone (b.p. 244°) and which constitutes 
the principal constituent of-the oil. Acted upon with hydriodic 
acid it yielded thymohydroquinone (m.p. 142°) which could be 
oxidized to thymoquinone (m.p. 44 to 45°). Distilled with alcohol 
vapor, it was possible to separate a fraction that contained ter- 
penes with low specific gravity (up to 0.8295 at 25") and phel- 
landrenes (m.p.of nitrosites96to98°, 100to 101° and 111 to 114°). 
The presence of neither pinene nor sabinene could be established. 
Linalool does not appear to be a constituent of the oil, but 
borneol is. It was characterized by oxidation to camphor (m. p. 
of oxime 116 to 117°). In the saponification liquor acetic acid 
(silver salt) was found, also other volatile acids. 

865. Ayapana Oil. 

Origin. Evpatorium tripUnerve, Vahl (£. Ayapana, Vent.) 
is a native of equatorial America. It occurs wild in many other 
tropical countries and is cultivated in the East Indies, Mauritius, 
Mayotta and Reunion. Its leaves are used as Ayapana tea in 
disturbances of the digestive tract and diseases of the lungs. 
Upon distillation it yielded 1.14 p.c. of volatile oil‘). 

Properties*), Ayapana oil is light green in color and has 
a peculiar odor: d^, 0.9662 to 0.9808; «j, + 2°55' to +6°; 

9 Report of Schimmel S Cq. April 1896, 64. 

*) Ibidem April 1904, 96. 

* *) Bulletin ofthe University of Wisconsin No. 693. Madison (Wise.) 1914, p. 7. 

*) Report of Schimmel 8i Co. April 1907, 106; April 1908, 17. 
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Mjj 1.50882^); A.V. 5.5 (one determination); E.V. 5.9 to 8.0; E.V. 
after acetylation 23.4 (one determination); soluble in \^l« to 
4*4 vol. and more of 90 p.c. alcohol. Upon distillation under 
3.5 mm. pressure 57.4.p.c. passed over from 40 to 104", 28 p.c. 
between 104 and 105°, 15.9 p.c. remaining in the residue^*). Of 
another oil that was distilled under 12 mm. pressure, 8 p.c. 
passed over between 55 to 116°, 80 p.c. between 116 and 119°, 
and 12 p.c. between 119 and 123°*). 

Composition. According to F. W. Semmler*) the principal 
fraction of the oil consisted of a mixture of an oxygenated sub¬ 
stance and a sesquiterpene. In order to obtain the former in 
a pure condition the fraction was heated with sodium, distilled 
at 118° (12 mm.) and subsequently treated with permanganate 
until the color of the solution no longer disappeared. The sub¬ 
stance thus obtained had the composition and otherwise 

the following.properties; b.p. 118° (12 mm.); d,.„..0.9913; <(^, + 04 
n„ 1.51339; mol. refr. found 58.88, computed for C],.Hi„0.,/;, 57.42. 
Inasmuch as the stability of this substance towards sodium in¬ 
dicated an ether, it was subjected to a treatment with hydrogen 
iodide and red phosphorus and thereby converted to hydro- 
thymoquinone (b.p. 150 to 160" under 12 mm. pressure; m.p. 143°), 
which was further characterized by oxidation to thymoquinone 
(m.p. 48°; m.p. of monoxime 160 to 161"). As an intermediate 
product, the monomethylether, CuHj^O.j (b.p. 117 to 130° under 
12 mm. pressure; dj^oLOIll; nf,1.5188) had resulted. Hence the 
dimethylether of hydrothymoquinone is the principal constituent 
of the oil. Up to that time its only occurrence was that observed 
by 0. SigeU) in arnica root oil. 

Probably the oil al.so contains small amounts of cumarin. 
Although the fresh plant is almost odorless, when dried it has 
the characteristic odor of cumarin and melilotic acid. E. HeckeH), 
who has made the observation that anaesthetics have the capacity 
to liberate cumarin from fresh plants, found that when fresh 
ayapana plants are treated with ethyl chloride the odor becotnes 

*) Bert. Berichte 41 (1908), 509. 

'■*) Report of Sohimmel S Co. April 19(1", 106; April 1908, 17. 

•) Liebig’s Annalen 170 (1873), 345. 

*) Compt. rend. 152 (1911), 1825. 
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apparent after 5 to 6 minutes, when treated with ethyl ether and 
chloroform after about 15 minutes. 

866. Oil of Eupatorium serotinum. 

From the herb of Eupatorium serotinum, Mchx,, which grows 
in the eastern part of the United States of Morth America, 
E. R. Miller‘) obtained 0,51 p.c. of oil (computed with reference 
to herb not fully dried); dj^.,0.9075; f(„ l^vogyrate; nj,,^. 1.4990; 
A.V. 0.5; S.V. 28.7; S.V. after acetylation 61.92; soluble in 0.5 vol. 
of 90 p.c. alcohol, the addition of 1.7 vol. caused turbidity. The 
oil was of a ratber dark color, so that an exact determination 
of its optical rotation was not possible. Apparently it contains 
traces of salicylic acid and for the most part consists of 
sesquiterpenes. 

867. Liatris Oil. 

According to W. F. Henry-’), the leaves of Liatris spicata, 
Wind, contain 0.09 p.c. of volatile oil. On account of its cumarin 
content, which, however, is lower than in L odoratissima, Willd., 
apparently successful cultural experiments’’) have been made in 
the botanical garden of Marseilles. 

Liatris odoratissima, Willd. (dog's tongue, hound’s tongue, 
vanilla, Ger. Hirschzunge, Hundszunge) occurs in large amounts 
in isolated places in the savannahs of Morth Carolina to Florida. 
The leaves when fre.sh have but a slight odor of cumarin and 
vanillin which, however, develops strongly when they are dried. 
They are used against moths and as a perfume in tobacco. 
W. Procter*) showed the presence of cumarin which, for a time, 
was prepared on a large scale. From 1 lb. of dry leaves 
Th. F. Wood”) obtained 2 to 2.5 drachms (0.78 to 0.98 p.c.) of 

’) Bulletin of the University of Wisconsin No. 693, Madison (Wise.) 1914, 
p. 38. — According to the same author either no oil or but traces could be 
obtained from the herb of Eupatorium purpureum, E. hyssopifotium and 
E.perfoliatum. From the roots of E. aromaficum, L, C. H. Blouch (Americ. )ourn. 
Pharm. 82 [1890], 124) obtained upon distillation with water 0.8 p.c. of volatile oil. 

”) Americ. )ourn. Pharm. 64 (1892), 603. 

■'') Parfum. moderne !l (1910), 77. 

*) W. Procter jun., Americ.)ourn. Pharm. 31 (1859), 556; jahresber. d. Chem. 

486; Pharm. Zentralbl. 1H60, 896. 

”) Pharmaceutical journ. III. 13 (1882), 764. 
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pure cumarin. In addition the leaves contained a substance 
with a very unpleasant and persistent odor, liatrol. 

The acclimatization of this plant in Marseilles was not' 
successful *). 

868. Grindelia Oil. 

From the dry herb of Grindelia robusta, which is a native 
of the western United States, H. Haensel '^) obtained upon distillation 
0.288 p.c. of oil with a strong and not unpleasant odor: d,,.0.9582; 
«i, (calculated from the alcoholic solution) —8’8'; S. V. 75.1; 
S.V. after acetylation 162.1. It contains 8 p.c. of a brown, 
phenol-like oil, als© hornvol. 

869. Oil of Solidago odora. 

Origin. The genus Solidago is represented in the United 
States of North America by not less than 75 species, of which 
about 50 occur east of the Rockies, and are all known as golden- 
rod. Many of these plants possess more or less aromatic properties 
and some of them are so plentiful in certain regions as to be 
regarded as weeds. 

Solidago odora, Ait. is known as sweet-scented goldenrod 
or Blue Mountain tea. It is found from New Hampshire south 
to Florida and westward to Missouri and Texas. Upon distillation 
it yields about 1 p.c. of oil, occasionally less (down to 0.64 p.c.) 
or more (up to 1.5^p. c.)''). For the most part the commercial 
oils are not pure but distillates from Solidago odora mixed with 
other herbs ^). 

Properties. The odor of the oil is strongly aromatic reminding 
of anise and safrol, but not particularly agreeable, d,,. 0.94 to 
0.96"); «„ -f-9' 20' to •+ 13' 12'; n„ 1.506 to 1.514; S.V. 7 to 9; 
S. V. after acetylation 19.4; soluble in 0.4 vol. of 90 p.c. alcohol '). 

Composition. The oil has been examined by E. R. Miller and 
). M. Moseley"). The presence of methyl chavicol was proven 

') Parfum. moderne ;J (1910), 77. 

*) Apotheker Ztg. IS (1903), 499. — Chem. Zentralbl. 11H)7, 1. 1332. 

“) )ourn. Americ. Chem. Soc. 37 (1915), 1286. 

9 Report of Schimmel & Co. April 1900, 62; October 1000, 72. 

") Ibidem October 1801, 51. 
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by its oxidation to anisic acid (ni.p. 184°) and homoanisic acid 
(m.p. 85 to 86 °). The methyl chavicol content amounted to about 
•76p.c. (methoxyl determination). Anethol was not present. Phenols, 
aldehydes and ketones are also absent. The presence of u-pinene 
is doubtful. The hydrocarbon yielded a nitrosochloride melting 
at 103°, but its nitrolamine bases had melting points that did not 
agree with those of the known ones. The phellandrene test gave 
negative results. Neither could the presence of camphor be proven. 
Borneol, however, was identified by its melting point (203 and 
204°) and its phenyl urethane (m.p. 138 to 139°). In addition to 
borneol another alcohol seems to be present in the oil. In the 
saponification liquor there are presumably three volatile acids 
and one non-volatile acid. 

870. Oil of Solidago canadensis. 

The fresh, flowering herb of Solidago canadensis, L. yields 
0.63 p. c. of oil of a light yellow color and a very pleasant, 
sweetish aromatic odor, d, 5 .0.859; «j, —11° 10''). 

The oil contains about 85 p. c. terpenes. Pinene is the 
principal hydrocarbon. Phellandrene and dipentene and possibly 
limonene are also present. The higher boiling fraction's consist of 
borneol, borny! acetate mA cadinene. Quantitative determinations 
reyealed a total of 9.2 borneol, of which 3.4 p.c. is present as 
acetate. It is noteworthy how closely related chemically this 
goldenrod oil is to the pine needle oil of a totally different family. 

871. Oil of Solidago nigosa. 

Solidago rugosa, Mill, grows in moist places from New¬ 
foundland westward to Ontario and south to the Gulf of Mexico. 
The fresh herb yields^) 0.4 p.c. of a volatile oil (d®10.8620; 
«„-12°8'; nn28.1.4813; S.V. 4.22; S.V. after acetylation 10.97), 
which boils between 165 and 180° and apparently consists 
principally of \-u-pinene, as indicated by the formation of a 
nitrosochloride. The constants of the higher fractions suggest 
the presence also of A-Umonene and ^pinene. 

*) Report of Schimmel & Co. April ISM, 57; April 1897, 46. 

■"I E. R. Miller and ). M. Moseley, Journ. Americ. C^em. Soc.87 (1915), 1285. 
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872. Oil of Solidago nemoralis. 

Schimniel 8i Co.') describe an oil of Solidago nemoralis, • 
Ait., that had been sent to them from North America. Its 
color was light olive-green, its odor peculiar, reminding some¬ 
what of cypress oil: d,,,.0.8799; «„--23°10'; E. V. 14.4; E. V. 
after acetylation 38.2. With 7 vol. and more of 95 p. c. alcohol 
it formed only a turbid solution. 

More recently an oil was examined by E. R. Miller and 
M. H. Eskew-), which had been distilled in October from 
flowering herb with a yield of 0.322 p.c.: d^J“ 0.8532; ej, —16.17’; 
nj,j„. 1.47397; soluble in about 4 vol. of 90 p.c. alcohol and in 
about 27 vol. of 70p.c. alcohol; S.V. 5.6; S.V. after acetylation 9.4. 
Miller and Eskew found about 0.6 p.c. of phenols and u-pinene 
as principal constituents. This hydrocarbon showed an angle 
of rotation </„ -19.37°, whence the authors conclude that it is 
a mixture of 1- and d-a-pinene. It was characterized by the 
preparation of its nitrosochloride and its nitrolpiperidide (m. p. 
118 to 119°). Phellandrene could not be found, neither borneol 
although the camphor-like odor which resulted upon the oxidation 
of a borneol fraction seemed to indicate the presence of this 
alcohol. The detection of camphor was unsuccessful, but that 
of salicylic acid, by shaking the oil with 3 p.c. potassium 
hydroxide solution, was successful. It gave the color reaction 
with ferric chloride and when acted upon with methyl alcohol 
and sulphuric acid produced the well-known odor of methyl 
salicylate. The saponification liquid contained acetic acid 
(silver salt). 

873. Erigeron Oil. 

Oleum Erfperontls. — Erlgeronol. — Essence d’ErIgeron. 

Origin. Erigeron canadensis, L., is a very common weed 
which occurs especially in the American peppermint fields. It 
•is known as fleabane, horseweed or butterweed. Upon distil¬ 
lation the fresh herb yields 0.33") to 0.66*) p.c. of oil, the dry 

*) Report of Schimmel § Co. April 1906, 62. 

’) )ourn. Americ. Chem. Soc. 36 (1914), 2538. 

’) Report of Schimmel S Co. October 1894, 72. 

‘) F. Rabak, Pharm. Review. 23 (1905), 81; 24 (1906), 326. 
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herb only 0.26') p.c. In the United States the oil finds medicinal 
application to a limited extent. 

Properties. When fresh, oil of erigeron is colorless or light 
yellow and limpid. It has a peculiar aromatic odor reminding 
somewhat of caraway, and a biting taste. Exposed to the air 
it resinifies rapidly and becomes more viscid and darker. 
Occasionally crystals separate from the oil'). d,„,0.8565 to 
0.868"); aj, + 52-‘) to +83°'); A. V. 0; E. V. 39 to 108; E. V. 
after acetylation 67 to 108. At times the oil dissolves in an 
equal volume of 90 p.c. alcohol, frequently however, the solution 
remains turbid even after the addition of several volumes of 
solvent. 

Composition. Erigeron oil distills over almost completely 
at 175°") and consists for the most part of d-limonene. By 
passing hydrogen chloride into the oil a dihydrochloride*) melting 
at 47 to 48°“) results. With bromine a tetrabromide melting 
at 104 to 105°“) was obtained. For its further characterization 
F. W. Meissner") prepared the nitrosochloride and from the 
(f-nitrosochloride the benzylamine base melting at 90 to 92°. 

From fraction 205 to 210° Hunkel") prepared a nitrosochloride 
the piperidide of which melted at 159 to 160° and hence may 
be regarded as terpineol nitrolpiperidide. The second constituent 
of erigeron oil, therefore, is terpineol. 

874. Oil of Blumea balsamifera. 

Origin and Production. In India the half shrub-like Blumea 
balsamilera, D.C., is indigenous from the Himalaya to Singapore 
also in the Malay Archipelago, e. g., the Philippines"), it also 


') F. Rabak, Pharm. Review 23 (1905), 81; 24 (1906), 326. 

') Report of Schimmel Si Co. October 1894, 72. 

') F. B. Power, Pharm. Rundsch. (New York) 5 (1887), 201. 

*) Vigier and Cloez, )ourn. de Pharm. V. 4 (1881), 236. 

“) F. Beilstein and C. Wiegand, Berl. Berichte 15 (1882), 2854. 

“) 0. Wallach, Liebig’s Annalen 227 (1885), 292. 

’) Americ. )ourn. Pharm. (15 (1893), 420. 

■') E. Kremers, Pharm. Rundsch. (New York) 13 (1895), 137. 

") R. F. Bacon, Philippine )ourn. of Sc. 4 (1909), A, 127; Report of 
Schimmel Ei Co. October 1909, 180. 
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grows in Burma'), Tonkin-), China and in the islands Hai-nan 
and Formosa. 

In Hai-nan, also in the Chinese province Kwang-tung this 
plant is distilled for the production of the so-called Ngai camphor, 
Ngai-fen, which is obtained in considerable amounts. From 
Hoi-han, on the island of Hai-nan, 15000 lbs. are said to be exported 
annually. The crude Ngai camphor is rectified in Canton and 
is then known as ligai-p-'ien '). In the south of China about 
15000 to 18000 lbs. are produced, which however are used 
for domestic consumption*). In Burma also this camphor is 
produced"). 

In China the Ngai camphor is used for ritual purposes 
also medicinally. Further, it is added to the finer grades of 
so-called India ink."). 

The volatile oil is contained in the stems and leaves. 
R. F. Bacon'), who recommended the production of the oil in 
the Philippines, says that the yield is 0.1 to 0.4 p.c.; Cay la-) 
gives 0.25 p.c. Experiments made by the Indian Forest 
Department are said to have given 1.88 p.c.“). 

Properties and Composition. In 1895 Schimmel Co. secured 
a sample of Ngai camphor, which consisted of a yellowish-white 
crumbly crystalline mass that was almost pure \-borneol'^). The 
identity of Ngai camphor with Imvogyrate borneol had previously 
been recognized by S. Plowman'") and by F. A. Fliickiger"). 


') V. Cayla, )ourn. d'Agrieiilture tropicale tt (IW), 251. 

Ibidem H (1008), 30; Report of Schimmel 6 Co. April I'.HIs, 150. 

“) E. M. Holmes, Pharmaceutical )ourn. Hi. 21 (1891), 1150. 

‘) journ. d'Agriculture tropicale 13 (1913), 317. 

") Buchner's Meues Repert. f. d. Pharm. 23 (1874), 321; Hanbury, Science 
Papers, 1876, p. 394. 

“) Fluckiger, Pharmakognosie. 111. ed. Berlin 1891, p. 158; Fluckiger 
and Hanbury, Pharmacographia. London 1879, p. 518. 

’) R. F. Bacon, Philippine lourn. of Sc. 4 (1909), A, 127; Report of 
Schimmel S Co. October 1909, 180. 

“) Perfum. Record 3 (1912), 341. 

") Report of Schimmel S Co. April 189.-», 76. 

‘"I Pharmaceutical )ourn. III. 4 (1874), 710. — Neues Repert. f. d. 
Pharm. 28 (1874), 325. 

“) Pharmaceutical )ourn. III. 4 (1874), 829. 
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In Buitenzorg*) an oil had been obtained from the leaves of 
Blumea balsamifera the specific gravity of which was 0.944 at 28°. 

Some years ago Schimmel 8( Co. came into possession of 
a Ngai camphor oil with a borneol-like characteristic odor from 
which probably the bulk of the borneol had been separated by 
steam distillation. 

This oil, examined by R. Jonas®), had the following properties: 
d,..0.950; «„-12'’30': ni,,„J.48151; A. V. 23.35; E.V. 1; E.V. 
after acetylation 198 (corresponding to 63.95 p. c. of alcohol 
CjoHjjO). Fractionation under diminished pressure yielded as 
first fraction a small amount of an oil boiling from 28° (40 mm.) 
to 80° (30 mm.). In it, also in the following fraction, the presence 
of cineo! could be demonstrated by means of the iodol addition 
product melting at 111.5". The next fraction («„-t-4°10') which 
boiled between 80° (30 mm.) and 75° (12 mm.) yielded a nitroso- 
chloride melting at 103.5°. judging from the boiling point of 
this fraction it is probable that the nitrosochloride was that of 
l/monene. Inasmuch as further fractionation was rendered 
difficult by the separation of borneol crystals, the separation 
of this substance by freezing became necessary. Previously, 
however, the oil was shaken with soda solution to remove traces 
of two solid acids, probably palmitic and myristic acids, and 
with 5 p.c. sodium hydroxide solution to remove phenols. The 
crystals that separate upon cooling from the oil deprived of 
acids and phenols, represent a mixture of \-borneol and \-camphor. 
For the isolation of the borneol a part of this mixture was heated 
with phthalic acid anhydride in an autoclave for 6 hours to 110°. 
The acid phthalate was dissolved in dilute soda solution and, after 
the alkaline solution had been shaken with ether it was distilled 
with steam after addition of caustic soda. The borneol, which is 
readily volatile with steam, separated in the receiver in the form of 
laminar crystals melting at 203°. The residue from the ether solution 
yielded, with hydroxylamine, camphor oxime melting at 118 to 119". 
The oil deprived of borneol and camphor consisted for the most 
part of sesquiterpenes and sesquiterpene alcohols. Purified by 
steam distillatibn it boiled in the neighborhood of 280°. 


‘) Verslag's lands plantentuin Buitenzorg 1895, 38. 
•) Report of Schimmel 8( Co. April 1909, 147. 
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The phenol separated from the oil by sodium hydroxide 
solution melted at 82 to 83° and upon elementary analysis yielded 
results corresponding with the formula More careful 

investigation revealed that it was the dimethyl ether of phlor- 
acetophenone first prepared by P. Friedlander and L C.Schnell') 
from the trimethylether of phloroglucinol and later examined more 
carefully by S. von Kostanecki and ). Tambor''^). As shown by the 
method of preparation, the following structural formula is assigned 
to this substance:— CH 

H„CO-C|^NcOH 
tid^ j'C-CO'CH, 
doCH, 

Of the derivatives of this phenol the following were prepared: 
the acetyl compound (m. p. 106 to 107°), a bromide Ci„H,^0,Br 
(m. p. 187"), its condensation product with benzaldehyde, the 
2-hydroxy-4.6-dimethylchalkone (m. p. 91 to 92°) and its acetyl 
derivative (m. p. 130'). 

The trimethylether (m.p. 103°) obtained from the dimethyl- 
ether of phloracetophenone was oxidized with 3.3 p.c. perman¬ 
ganate solution at water-bath temperature to a keto acid 
It melted at 155.5° giving off carbon dioxide and carbon monoxide. 
The oxime melted at J^.5 to 93°. 

In aNgai camphor distilled in DehraDun, India, by R.S. Pearson 
from the air-dried leaves, Schimmel S Co.-') found about 75 p.c. 
of \-camphor and 25 p.c. \-borneol together with minimal traces 
of a yellowish oil: The crude product revealed a specific angle 
of rotation [ajj^ — 46.26° in 54.18 p.c. xylene solution and had 
a melting point 175°. The same xylene solution, after acetyla¬ 
tion, yielded a saponification value of 46.4, corresponding to 
13.2 p.c. of borneol. This amounts to 24.4 p.c. bomeol in the 
Ngai camphor itself. The separation of the two constituents 
was accomplished in the usual manner by converting the borneol 
into the acid phthalic ester and driving over the camphor with 
water vapor. 

‘) Berl. Berichte 80 (1897), 2152. 

’) Ibidem 32 (1899), 2262. 

’) Report of Schimmel Co. April 1910, 148. 
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How it comes about that Ngai camphor consists at times 
exclusively of /-borneol, and at times of a mixture of /-borneol 
and /-camphor, has not yet been explained. Possibly this may 
be attributed to the material used. In this connection it should 
be mentioned that Btumea lacera, D.C. yields a similar camphor 
(see below). 


875. Oil of Blumea lacera. 

Blumea lacera, D.C. is a perennial of India, which has a 
strong camphor-like odor, and which, on this account, is used 
by the natives against flies and other insects. 

From 150 lbs. of fresh flowering herb, W. Dymock^) obtained 
upon distillation about two ounces (0.085 p.c.) of a light yellow 
oil; d„,,,. 0.9144; -66°. 

According to V. Cayla”) the plant is known in Burma as 
l^adu and upon distillation yields more blumea eamphor than 
B. balsamifera. 


876. Oil of Piuchea foetida. 

According to F. Rabak-'), the fresh herb of Piuchea foetida, D.C. 
(P. camphorata, D.C.), which is a native of the southern United 
States of North America, yields 0.025 p.c. of a pale golden- 
yellow volatile oil: d 0.9329; —10.8"; n^.^.,. 1.4845; A.V. 4.1; 

E.V. 44; E.V. after acetylation 104. It is soluble in an equal 
volume of 80 p.c. alcohol, but the addition of 5 vol. and more 
of solvent causes turbidity. Of its constituents cineol was 
identified by means of its iodol derivative melting at 113°. 

877. Oil of Sphaeranthus indicus. 

Aecording to W. Dymock'), Sphaeranthus indicus, L., which 
has a rose-like odor and which is used extensively in India for 
medicinal purposes, yields an oil that has a dark red color, is 
viscid and is relatively soluble in water. From 150 lbs. of fresh 
herb about oz. (0.022 p. c.) of oil were obtained. 

*) Pharmaceutical )ourn. HI. 14 (1884), 985. 

®) Journ. d'Agriculture tropicale 9 (1909), 252. 

“) Midland Drugg. and pharm. Review 45 (1911), 485. 
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878. Oil of Helichrysum Stoechas. 

The oil from the flowering plant Helichrysum Stwchas, D.C. 
is used in Spain as a remedy against bladder and kidney troubles. 
Its odor is that of low-grade coniferous distillates; about -'ji boils 
between 155 and 170' and '/^ between 170 and 260°. d,.. 0.873. 
H-Pinene^) is probably the principal constituent. 

879. Oil of Helichrysum arenarium. 

From the flowers of Helichrysum arenarium, D.C. (Gna- 
phalium arenarium, L.) H. Haensel'^) obtained 0.04 p. c. of a 
dirty green oil with a benumbing strongly aromatic odor, which, 
upon evaporation of the oil, reminded distinctly of celery; 
d,j„. 0.921; A.V. 14.45; S.V. 9. At 20 a solid substance se¬ 
parated. It contains a stearoptene that melts at 48 to 50 and 
is insoluble in alcohol, an acid melting at 34 to 36" and a small 
amount of a phenol, presumably /)-cresol. 

880. Oil of Helichrysum saxatile. 

According to L. Francesconi and R. Sernagiotto ’), Helichry¬ 
sum saxatile, Moris contains an oil with a peculiar pungent odor 
which, however, reminds of roses; d 0.9020; —11.71' ; Oj,1.4769. 

Aldehydes and phenols are absent. It distills for the most part 
about 240” and apparently contains a substance belonging to 
the hydroaromatic series, possibly an oxygenated sesquiterpene 
derivative. 

881. Oil of Helichrysum angustifolium. 

Helichrysum angustifolium, D.C. (H. italicum, G. Don) is a 
fragrant herb widely distributed in southern Europe where it 
covers large areas. Thus it grows in masses on Monte Portofino, 
near Genoa, also in Hungary and Dalmatia. 

From dry herb Schimmel 8; Co.^) obtained 0.075 p.c. of oil; 
d„.0.892 to 0.920; s +4"25' to - 9°40'; n,„,„. 1.4745 to 1.4849; 


*) Bericht von Schimmel S Co. October 1S89, 54. 

•) Chem. Zentralbl. 1910, II. 1538. 

’) Gazz. chim. ital. 4+ (1914), II. 419; Chem. Zentralbl. 1915, 1. 835. 

’) Report of Schimmel £( Co. October lOOit, 73; April 1909, 57; 
October 1911, 54; April 1914, 65. 
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A.V. up to 15; E.V. 39 to 134; soluble in 9 to 10 vol. of 90 p.c. ■ 
alcohol, occasionally with the sepatation of paraffin. 

According to Heine § Co.^) the oil is rich in nero! (see vol. 1. 
p. 362), partly as ester, partly free. 

882. Oil of Elecampane. 

Olsuffl Helenll. — AlanlSI. — Essence de Racine d’Aunee. 

Oriflin and Production. Upon distillation of the comminuted 
root of Inula Helenium, L. with water vapor 1 to 3 p.c. of a 
solid, crystalline mass results that is permeated with little liquid 
oil. This is known as elecampane oil. As such it is scarcely 
used for any other purpose than the preparation of alantolactone,- 
the helcriine of C. Gerhardf'*). 

Properties. Normal elecampane oil with its full alantolactone 
content is a mass of colorless needles, saturated with little brown 
oil, that melts to a brown liquid at about 30 to 45'’. The odor 
is peculiar and reminds somewhat of labdanum^). d,,„. (in the 
molten condition 1.015 to 1.038; «j)4-123'’45' (one determination); 
n[,.^(,. 1.52208 (one determination); A.V. 6 to 8; E.V. 160 to 180; 
E.V. after acetylation 199 (one determination). 

In connection with oils that had been deprived in part of their 
alantolactone, the following values were ascertained^): dj,,. 1.015 
to 1.043; «j, +9r40' (one determination); nj,,,„. 1.5141 to 1.5233;jj 
A.V. 10 to 24; E.V. 135 to 168; E.V. after acetylation 160 to 182; 
soluble in 1 vol. of 90 p.c. alcohol either clear or with turbidity, the 
addition of more solvent causing opalescence or even turbidity. 

Composition. Elecampane oil consists almost completely of 
alantolactone with which are admixed small amounts of alantolic 
acid, alantol and a substance named helenin by Kallen'*), and 

') Germ. Pat 209382; Chem. Zentralbl. 1909, I. 1785. 

*) Ann. de Chim. et Phys. II 72 (1839), 163 and III. 12 (1814), 188. - 
Liebig’s Annalen 34 (1840), 192 and »2 (1844), 389. 

*) Report of Schimmel S Co. April 1912, 60. 

‘) Ibidem April 1916, 17. 

*) Berl. Berichte 0(1873), 1506. Comp, also Kallen, Ober A/antolacton und 
die Aniagerung von BlausSure an ungesSttigte Lactone. Inaug.-Disscrtation. 
Rostock 1895. ). Bredt and W. Posth (Liebig’s Annalen 286 [1895], 349) 
suggest that the name helenin be dropped since it applies to no less than 
three different substances. 
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which J. Spring^) named \soalantolactone. For details see vol I 
p. 523. 

Alantic or alantolic acid, to which alantolactone corresponds, 
has the formula • Its salts are formed when alanto¬ 

lactone is heated with alkalies. The acid crystallizes in small 
needles and melts at 94” giving off water. It is likewise readily 
soluble in alcohol and ether. Heated with water it is largely 
decomposed. From the hot aqueous solution it separates in 
small crystals upon cooling. These consist of alantic acid ad¬ 
mixed with lactone. Because of the ease with which the one is 
converted into the other, crude elecampane oil contains alantic 
acid as well as alantolactone. 

Alantol is an oil that boils in the neighborhood of 200” 
and occurs in but very small amount. Moreover, it appears to 
occur only in very fresh elecampane root. It is a yellowish 
liquid and an isomer of ordinary camphor, C,„H,„0. Distilled with 
phosphorus pentasulphide it yields cymene boiling at 175”. 

The highest boiling fractions of the oil contain a blue 
substance. 

883. Oil of Inula viscosa. 

. Inula viscosa, Ait., is a plant, sticky to the touch, which is 
distributed over the entire Riviera and fills the air with its 
resinous, balsamic odor. In popular medicine the fresh leaves 
are used against snake bite. In Euboea the fresh herb is added 
to wine, probably in order to impart' to the latter the desired 
resinous taste. Upon distillation of the herb, Schimmel § Co.*) 
obtained 0.062 p.c. of a dark brown, viscid oil with an un¬ 
pleasant odor. dj,. 1.006; A.V. 164.63; E.V. 15.77. At ordinary 
temperature parallin is separated abundantly. The fatty acids 
isolated were liquid. 

From Algerian herb Roure-Bertrand Fils®) distilled an oil 
with a light brown color, and an odor that reminded of hyssop 
as well as of eucalyptus oil. dj^.0.9436; a—24°O'; soluble in 
1 vol. and more of 80 p. c. alcohol with the separation of paraffin. 

‘) Arch, der Pharm. 289 (1901), 201. 

•) Report of Schimmel S Co. October 1903, 76. 

*) Berichte von Roure-Bertrand Fils April 1911, 23. 

Gildemeister, The volatile oils. III. 


39 



610 


Family-. Composite:. 


With 10 vol. of 70 p.c. alcohol the solution remained .somewhat 
turbid. About 70 p.c. of the oil was taken up by 50 p.c. resor¬ 
cinol solution, hence cineo! may be regarded as the principal 
constituent of the oil. 

884. Oil of Inula graveoiens. 

Upon steam distillation i) Inula graveoiens (L.), Desf., which 
is widely distributed throughout the Mediterranean countries, 
yields a brown oil with a greenish fluorescence. di,(. 0.9754; 

ae^O'; n„.,„. 1.47597; A.V. 8.45; E.V. 161.3; E.V. after acety¬ 
lation 239.38; soluble in 3 to 3.5 vol. and more of 70 p.c. 
alcohol with a decided separation of paraffin, judging by its 
odor the oil contains bornyl acetate. 

885. Oil of Osmitopsis asteriscoides. 

An alcoholic infusion of Osmitopsis asteriscoides (L.), Cass. 
(Osmites Bellidiastrum, Thbg., Bellidiastrum osmitoides, Less.), 
which grows abundantly on Table Mountain of South Africa, is 
used in Cape Colony as a remedy against lameness. 

The volatile oil of this plant has been examined by 
E. von Gorup-Besanez®). It was limpid and of a yellowish-green 
color. The odor was not pleasant, reminding both of camphor 
and cajuput oil; dj,,. 0.931. 

The oil began to boil at 176’, two-thirds passing over 
between 178 and 188', ftie remainder between 188 and 208”. 
When the thermometer had risen to 206°, the neck of the retort 
showed a slight deposit of crystals, presumably camphor. 

Fraction 178 to 182' had the formula Cj„HjgO, as shown 
by analysis, and in all probability consisted of cineol, already 
indicated by odor and specific gravity. 

886. Oil of Parthenium argentatum. 

The Mexican Parthenium argentatum, Gray contains accord¬ 
ing to P. Alexander”) 8 to 10 p.c. (computed with reference to 


*) Report of Schimmel & Co. April 1905, 82. 
*) Liebig’s Annaien 89 (1854), 214. 

■■') Beri. Berichte 44 (1911), 2320. 
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dry material) of caoutchouc, so-called Guayule caoutchouc of 
commerce, and about 0.5 p.c. of volatile oil. 

For the preparation of this oil Alexander used Mexican 
material which probably had been collected and dried only a 
short time before shipment. It yielded about 0.015 p.c. of a 
greenish-yellow, slightly laevogyrate oil') (d,.,. 0.8861) which 
consisted exclusively of hydrocarbons. Under 17 mm. pressure 
30 p.c. boiled between 50 and 60", 20.3 p.c. between 60 and 
80' and 24.8 p.c. between 120 and 160°. The residue amounted 
to 5.5 p.c. Of its constituents \-u-pinene was identified (m.p. 
of nitrosochloride 100 to 102"; m.p. of nitrolbenzylamine 122°). 
The odoriferous constituent of the oil reminds of pepper: 
b.p. 130 to 140° (17 mm.); d,„,0.9349; -21°24'; ni„„. 1.496. 

Alexander assumes that it is a sesquiterpene but was unable 
to identify it with any of the known hydrocarbons of this group. 

Another oil that had been distilled from material which 
had been stored for a longer period, proved to contain con¬ 
siderable oxygenated material and, upon distillation, left a resinous 
residue of 50 p.c. 

In closing, Alexander states that the oil of Parthenium 
argentatum bears a close resemblance to German chamomile oil. 
To what extent the odor of the two oils may be similar cannot be 
judged; as to their chemical composition, however, they are very 
different. 

887. Oil of Ambrosia artemisijefolia. 

Ambrosia artemisiseblia, L., is a rather common weed in 
North America and is known as ragweed, hog weed, bitterweed 
and Roman wormwood. 

Fresh, flowering herb yields upon distillation 0.07 p.c. of a deep 
green oil, with an aromatic, not unpleasant odor. dj^.0.870;—26° *). 

A distillate from Florida (yield 0.15 p.c.) had the following 
properties®): d^. 0.876; <(p — 1"; E.V. 7.94; with an equal volume 
of 90 p.c. alcohol, the oil yields a clear solution, which becomes 
turbid upon the addition of more solvent. 

*) The poor yield was due to the fact that no suitable apparatus for 
distillation on a large scale was available. 

“) Report of Schimmel S Co. October 1894, 70. 

») Ibidem April 1904, 99. 
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888. Oil of Spilanthes oleracea. 

From the ethereal extract of Spilanthes oleracea, )acq., 
Ger. Parakresse, E. Gerberobtained by steam distillation 
0.27 p.c. of an oil with the following properties: d 0.847; 
«j) +1.85°. It has a sharp taste and for the most part distills 
between 135 and 190° (35 mm.). The principal fraction (b.p. 145 
to 155°), consists essentially of a hydrocarbon spi- 

lanthene. Purified by means of oxidation with permanganate 
at water bath temperature it boils at 135 to 138° (25 mm.) or 
220 to 225° (ordinary pressure); d 0.845. Bromine, in chloro- 
formic solution, produces a thick oil of the composition CmHanBr,. 
An acid isolated from the oxidizing mixture melted at 180°. It 
crystallizes from water and yields crystalline precipitates with 
silver nitrate and copper sulphate. The barium salt is amorphous. 

889. Santoiina Oil. 

Origin. Santoiina Chamaecyparissus, L. which is indigenous 
to southern Europe and which is frequently cultivated in gardens, 
is characterized by a strong, penetrating, aromatic odor. On 
account of its therapeutic properties it was formerly official and 
is today still used as a popular remedy. Thus it is used against 
cramps and as an anthelmintic. 

From herb obtained from Turin, Schimmel 8; Co.'-) obtained 
0.47 p.c. of oil. According to L. Francesconi and P. Scaraffia'') 
the yield varies, according to the stage of development of the 
plant, between 0.198 and 1.15 p.c., being highest shortly before 
the flowering period. The composition of the oil also varies 
according to the same conditions. With the aid of such reagents 
as osmic acid, ferric chloride and dilute Sudan-lII-solution, 
these investigators showed that the oil is located principally in 
the epidermal tissues. 

Properties. The oil prepared by Schimmel 8; Co.®) was 
dark brown in color and its odor reminded somewhat of worm¬ 
wood and tansy, d,,. 0.9065; ni, 5 „. 1.50040; A.V. 6.6; E.V. 16.4; 

‘) Arch, der Pharm. 241 (1903), 270. 

’) Report of Schimmel S Co. October 1911, 108. 

•’) Atti R. Accad. dei Lincei, Rome (5), 20 (1911), II. 255, 318, 383; 
Chem. Zentralblatt 1912, I. 344, 345. 
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E.V. after acetylation 74.2; the optical rotation could not be 
determined on account of the dark color. The oil was soluble 
in 0.5 vol. and more of 90 p.c. alcohol with the separation of 
paraffin. In 80 p.c. alcohol it was not soluble. Francesconi 
and Scaraffia found: d,,. 0.8732; [ajuss* —' 

Composition. The lowest fractions contain a terpene (b.p. 165 
to 170°) and probably a phenol ether. With hydroxylamine 
hydrochloride the oil yields an oxime and a hydroxylaminoxime. 
The underlying ketone is named santoUnenone by Francesconi 
and Scaraffia and has been further investigated by Francesconi 
and M. Granata'). Thus is became apparent that it consisted 
of a mixture of two unsaturated ketones «- and ft-santo- 

Unenone, and a third saturated ketone Cj|,Fl,„0, of the type of 
camphor. o-Santolinenone is optically inactive but represents 
a racemic mixture as was proven by breaking up the K-santo- 
linenone hydroxylaminoxime (m.p. 190") into its optically active 
components by means of (/-camphor sulphonic acid. fi-Santo- 
linenone is also inactive and probably racemic. Its hydroxyl¬ 
amine derivative melts at 62'. The third ketone is Isevogyrate 
and yields a dextrogyrate oxime melting at 116 to 117". Accord¬ 
ing to Francesconi, Granata and A. Sanna**) the (/-camphor 
sulphonate of the /-hydroxylaminoxime of «-santolinenone melts 
at 192 to 196"; [((J„—20.35". The /-hydroxylaminoxime melts 
at 171°; [(4-115.7 '. 

The action of diluted acids on the hydroxylaminoxime did not, 
as was expected, regenerate the ketone, but the hydroxylamin¬ 
oxime behaves analogous to pulegone hydroxylaminoxime “). 
judging by the abnormal refraction and by the comparison of 
the hydroxlamine derivatives with those of pulegone, the authors 
assume the correctness of the formula of (csantolinenone put 
up by them. C:CHj 

h,,c/Nco 

CH.CH(CH4 

K-Santolinenone. 

•) Gazz. chim. ital. 44 (1914), 11. 150; Ctiem. Zentralbl. 1W4, 11. 1439. 

•) Gazz. chim. ital. 44 (1914), II. 354; Chem. Zentralbl. 1915, I. 788. 

») Gazz. chim. ital. 45 (1915), 1.35,167; Chem. Zentralbl. 1915,1.1117,1313. 
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When «-santolinenone hydroxylaminoxime is heated in alco¬ 
holic solution, K-santolinenonc aminoxime (m.p. 155”) is formed, 
also cf-santolinenone dioxime (m.p. 260°). A better yield of di¬ 
oxime is obtained when the hydroxylaminoxime is heated with 
alcohol and mercuric oxide. Continued heating of c-santolinenone 
hydroxylaminoxime with dilute hydrochloric acid yields a com¬ 
pound (a nitrilimine?) melting at 119 to 120', and 

a-santolinenone iminoxime, melting at 169 to 172°. The latter 
compound does not always result, at times its place is taken 
by (f-santolinenone imine. 

890. Roman Chamomile Oil. 

Oleum Ghamomillm Romans. Oleum Anthemidis. -- Rdmisch Kamillenol. — 
Essence de Camomllle Romaine. 

Origin and Production. Anthem/s nobilis, L., the so-called 
Roman chamomile, occurs wild in western and southern Europe, in 
Great Britain, France, Spain and Portugal and is cultivated in 
Germany, England and Belgium, mostly the double form in 
which the inflorescence consists entirely of ray florets. The 
plants are propagated mostly by the division of the roots, rarely 
by seeds. Cultural experiments are reported by E. Senft^). 

The oil of Roman chamomile is produced principally in 
England, more particularly in Croydon, Mitcham, Carshalton, 
Sutton and Long Melford. The yield from the entire plant, which 
is mostly employed, varies between 0.2 and 0.35 p.c., the flower 
heads yield up to 1 p.c. Upon distillation of the dry, double 
flowers (Anthemis nobilis, flore pleno, D.C.) the drug proper, 
Schimmel S Co. ’) obtained in one instance as much as 1.75 p.c. 
In an experiment to ascertain whether the common, single variety 
with ray florets, or the one without ray florets {Anthemis nobilis, 
var. ji-floscula, Pers.) is richer in oil, the same firm'^) obtained 
0.33 p.c. from the former and 0.3 p.c. of oil from the latter. 

Properties. Freshly distilled Roman chamomile oil has a 
light blue color, which under the influence of light and air 

*) Zeitschr. f. d. landw. Versuchsw. in Osterreich, 1014, Fascicles 3/4. 
Mitteilungen des Komitees zur staatlichen Forderung der Kultur von Arznei- 
pilanzen in Ssterreich Mo. 17, p. 23. 

*) Report of Schimmel 5 Co. April 1915, 39. 
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gradually changes to green and finally brownish-yellow. The 
odor of the oil is strong and pleasant, the taste burning, 
dj,. 0.905 to 0.918; 2°30' to -f3“. 

The optical rotation has been determined but rarely since 
the ordinary lamps do not afford sufficient light because of the 
dark color of the oil. In this case*) the sodium lamp con¬ 
structed by E. Beckmann-) may be employed as source for 
light. It is fed with salt dust supplied by the electrolysis of 
sodium hydroxide or sodium carbonate, nj,.,,,. 1.442 to 1.457; 
A.V. 1.5 to 14; E.V. 214 to 317. For its solution 6 to 10 vol. 
of 70 p.c. alcohol are required, turbidity resulting occasionally; 
1 to 2 vol. or moi*e of 80 p.c. alcohol are sufficient, but with 
this solvent turbidity likewise results occasionally with separation 
of paraffin. 

Composition. Angdic acid, without doubt, is the principal 
con.stituent of Roman chamomile oil, in which it was discovered 
in 1848 by C. Gerhardt’) and thereby became readily accessible. 
The other statements made by Gerhardt about the occurrence 
of angelic aldehyde and a terpene boiling at 175", "chamo- 
millene”, later proved to be wrong. 

E. Demar 9 ay*) showed that angelic acid does not occur 
free in the oil but combined with butyl and amyl alcohols. He 
thought that he had found valeric acid as a second acid, but 
this also later investigations proved to be wrong. 

More detailed studies of the oil were made by R. Fittig 
and H. Kopp’’); also by Fittig and |. Kobig"). Kopp saponified 
the oil and determined the acids thus obtained, whereas Kobig 
resolved the unsaponified oil into fractions and studied these. 
These two supplementary investigations revealed the presence 
of a number of new substances. 1. An ester of isobutyric acid 
boiling at 147 to 148". (It was supposed to be the /sobutyl ester 
but this has not been verified.) 2. Angelic acid butyl ester. 

') Report of Schimmel S Co. April 1916, 39. 

'-) Bert. Berichte 46 (1912), 2523. 

») Compt. rend. 2« (1848), 225. - Ann. de Chim. et Phys. III. 24 (1848), 
%.-Uebig's Annalen 07 (1848), 235. —)oum. f. prakt. Chem. 45 (1848), 321. 

*) Compt. rend. 77 (1873), 360; 80 (1875), 1400. 

'*) Berl. Berichte 9 (1876), 1195; 10 (1877), 513. 

*) Liebig’s Annalen 195 (1879), 79, 81 and 92. 
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3. Angelic acid isoamy/ ester. 4. Estef of tiglinic acid (resulting 
from inversion during the investigation. See below). 5. An ester 
of an hexyl alcohol which upon oxidation yielded caproic acid. 
6. From the lowest boiling portions, 150 to 160°, from which the 
alcohols had been removed, a white amorphous powder Was 
separated, which, though it was not isolated in a pure condition, 

CH 

consisted of methylacrylic acid judging by its- 

properties. Hence the original oil probably contains an ester of 
this acid. 7. Fraction 213.5 to 214.5° constituted a colorless liquid 
with a camphor-like odor, which could not be distilled completely 
under ordinary pressure without decomposition. According to 
analysis this alcohol has the formula CjoHi„0, and was named 
anthemoi. Its acetic ester boils at 234 to 236°. Saponification 
of the ester regenerates the original alcohol. Chromic acid 
oxidizes anthemoi completely, dilute nitric acid oxidizes it to 
/>-toluic acid and terephthalic acid. In addition there resulted 
a third, more readily soluble acid, possibly terebinic acid. 

These basal researches have been supplemented by others 
and partly corrected. 

Thus, E. E. Blaise^) has been able to show that the tiglinic 
acid observed by Fittig and Kopp is not an original constituent 
of the oil, but has resulted from the action of alkali or heat on 
angelic acid. According to Blaise, the saponification of 500 g. of 
oil at ordinary temperature yielded 190 g. crude acid. Of this 
90 g, were angelic acid and 25 g. xsobutyric acid, whereas con¬ 
siderable amounts of polymethylacrylic acid remained in the residue 
as colorless powder when the acids were distilled. The neutral 
products of saponification consisted of 25 g. \soamyl alcohol, 80 g. 
active hexyl alcohol, 33 g. anthemoi and 30 g. normal butyl alcohol, 
which was characterized by its boiling point and its phenyl 
urethane melting at 55 to 56°. This is contrary to the observations 
of K6big“) who supposed that he had found /sobutylalcohol. 

P. van Romburgh®) has proven that the caproic acid under 
consideration is identical with methylethylpropionic acid and that 

>) Bull. Soc. chim. III. 29 (1903), 327. 

») Liebig’s Annalen 195 (1879), 79, 81 and 92. 

•) Recueil trav. chim. des P.-B. 5 (1886), 219 and 8 (1887), 150; Bert. 
Berichte 20 (1887), Referate 375 and 468. 
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the hexyl alcohol, which ‘ has also been prepared synthetically, is 

. CH, • CHjOH. The methyJethylpropyl alcohol of Roman 

chamomile oil boils at 154°, has a specific gravity of 0.829 and 
is dextrogyrate ([«]„ +8.2°), whereas the synthetic alcohol is 
inactive. The amount of hexyl alcohol contained in the oil is 
about 4 p.c. 

The highest boiling fractions contain a blue constituent, the 
caerulein or azulene (comp. Chamomile oil p. 623). 

It should be mentioned that L. Naudin ’) isolated from Roman 
chamomile flowers by extraction with petroleum ether a paraffin 
CisHjj, anthemene," melting at 63 to 64°. According to T. Klobb, 
(.Gamier and R.Ehrwein^) this substance melts at 64° and has 
the composition It is known that paraffins are found in 

larger or smaller amounts in flower oils such as those of rose, 
neroli, German chamomile, arnica, 8(C. Hence it may be assumed 
that the anthemene is a constituent of Roman chamomile oil, a 
suspicion supported by the behavior of the oil toward alcohol (see 
Properties). Proper treatment of the oil ought to result in the 
isolation of this hydrocarbon. 

891. Oil of Anthentis Cotula. 

Distillation of the fresh flowers of Anthemis Cotula, L. and 
extraction of the aqueous distillate with ether, yielded G. E. Hurd*) 
0.013 p.c. of oil. The entire fresh plant yielded, when treated 
in like manner, 0,01 p.c. of a reddish oil with an acid reaction 
and a bitter taste, d^^. 0.858. Upon cooling a crystalline acid 
separated which, after purification, melted at 58°. The same acid 
was obtained upon saponification of the oil. The saponified oil 
boiled between 185 and 290° and left a residue of 20 p.c. 

892. Oil of Milfoil. 

The fresh flowers of Achillea Millefolium, L., milfoil, Ger. 
Schafgarbe, yield, upon distillation, 0.07 to 0.25 p.c. of volatile 


*) Bull. Soc. chim. II. 41 (1884), 483; Jahresber. d. Chem. 1884, 526. 
») Ibidem IV. 7" (1910), 940. 

•) Americ. )oum. Phartn. 57 (1885), 376. 
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oil. Dry flowers as a rule do not yield more although the herb 
loses about 50 p.c. water‘). In one instance dry flowers yielded 
0.485 p.c.^). The oil has a deep blue color and a strongly aromatic, 
camphor-like odor. The specific gravity of the oil distilled in 
Germany lies between 0.900 and 0.925 at 15^ A. Sievers*) 
observed 0.8687 to 0.8935 in connection with his own distillation 
of American oils; A. B. Aubert-'), on the other hand, dj.^,, 0.9217. 
The optical rotation was observed once'^) in a solution in absolute 
alcohol (1:200) in a 50 mm. tube as — 1.65°. A.V. 1 to 12; E.V. 19 
to 27; S.V. of American oils') 29.3 and 37.3; E.V. after acetylation 
66 to 79; soluble in 0.5 to 1 vol. of 90 p.c. alcohol, occasionally 
with the separation of paraffin. 

Of the constituents of the oil, which was first prepared by 
L. F. Bley‘), Schimmel § Co.®) identified cineol. The acid component 
of the esters is, in part, .icetic acid''). The high-boiling blue 
constituent of the oil may be identical with the azulene or coerulein 
of chamomile oil. 

From the roots of milfoil Bley") obtained 0.032 p.c. of an 
almost colorless oil with an unpleasant taste and a peculiar odor 
reminding faintly of valerian. The aqueous distillate contained 
acetic acid. The roots contain traces of a volatile sulphur 
compound. 

893. Iva Oil. 

Origin. Achillea moschata, L., the herb of which is used in 
the manufacture of the well-known iva liqueur’), grows in the 
highest Alps and owes its agreeable odor to a volatile oil, of 
which the dry, flowering herb yields 0.3 to 0.6 p. c.”). 

Properties. The oil is rarely yellow or green in color, mostly 
greenish-blue to dark blue. Its odor is strongly aromatic and 

‘) A. Siever.s, Pharm. Review 25 (1907), 215. 

’*) H. Haensel, Pharm. Ztg. 47 (1902), 74. 

’) )ourn. Americ. Chem. Soc. 24 (1902), 778; Chem. Zentralbl. 1902, II. 798. 

*) Trommsdorff’s Neues )oum. d. Pharm. 10, II. (1828), 96. 

'’) Report of Schimmel & Co. October 1894, 38. 

*) Trommsdorff’s Neues )ourn. d. Pharm. 10, 1. (1828), 247. 

’) Formerly the herb of A/uga moschata, Schreb. was official in the 
French Pharmacopoeia as Herba Ivx moschatx. V. F. Kosteletzky, Allgem. 
med.-pharm. Flora, Prague 1833, p. 777. 

") Comp. H. Haensel, Apotheker Ztg. 15 (1900), 271. 
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somewhat narcotic reminding of valeric aldehyde, cineol and 
thujone. d„,0.928 to 0.959; n,, —12“30' to - WAT (two 
determinations); n|,,,„J.47607 (one determination); A.V. 5 to 21; 
E. V. 18 to 44; E. V. after acetylation 91.5 and 115.4 (two determin¬ 
ations); soluble in about 1 vol. and more of 80 p.c. alcohol, as 
a rule with the separation of paraffin. 

Composition. Of its constituents the following have been 
identified: cineol (iodol reaction)'), an aldehyde (valeric alde¬ 
hyde?)’), \-camphor {m.p. of semicarbazone 237.5°)■*) and palmitic 
acid% As revealed by the acetylation, alcohols also are present. 

The so-called "ivaol" of the supposed composition 
which A. von Planta’-Reichenau^) obtained by fractionation cannot 
have been a chemical individual as shown by the wide range of 
boiling temperature, viz. 170" to 210°. 

894. Oil of Achillea nobilis. 

The oils from the flowers, herb and seeds oi Achillea nobilis, L, 
Ger. Edelschalgarbe, were distilled by L. F. Bley"'). Dry flowers 
yielded 0.24 p.c., dry herb 0.26 p.c., and the .seeds 0.19 p.c. of 
volatile oil. The oil from the herb had a specific gravity of 0.970. 
Its odor was strong, camphor-like, .similar to that of milfoil, but 
finer, and its taste was spice-like bitter. 

An oil examined by P. Echtermeyer") was distilled from the 
flowering herb. d,,.. 0.9363; <(„ —10.41°; ester content computed 
as Cj„H,;0-COCHs 18.2 p.c.; ester content of the acetylated oil 
34.3 p.c. Borneolwas identified (m.p. 203°; m.p. of urethane 139°; 
m.p. of bromine addition product 104 to 105°) also camphene (con¬ 
version into /soborneol). A hydrocarbon (C,|,H„,)„, boiling between 
240 and 245°, is also present. 

From the saponification liquid, acid liberated a small amount 
of a phenol the odor of which reminded of thyme, which did not 
solidify at —15° and which, with ferric chloride, yielded a grayish- 


h Report of Schimmel ii( Co. October 1894, 31. 
*) Ibidem April 1912, 83. 

’) H. Haensel, Chem. Zentralbl. 1907, 11. 1620. 
*) Liebig’s Annalen 166 (1870), 148. 

’’) Arch, der Pharm. 52 (1835), 124. 

“) Ibidem 248 (1905), 238. 
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green color. Of acids, formic, acetic and caprinic (?) were 
shown to be present. 

895. Oil of Achillea coronopifolia. 

From Spain Schimmel 8| Co.*) obtained a deep blue, limpid 
oil of Achillea coronopifolia, Willd. Its strong odor was agreeable 
and reminded of tansy, d,^. 0.924. 

896. Oil of Achillea Ageratum. 

The oil of Achillea Ageratum, L. was prepared by S. de Luca -) 
from the flowering plant, dj^. 0.849. 

Distillation yielded two fractions. The first boiled between 
165 and 170°; the second between 180 and 182" and upon analy¬ 
sis yielded results corresponding with the formula C.,„H 4 jO,,. 

897. Oil of Tagetes patula. 

The flowers of Tagetes patula, L., a native of Mexico, is fre¬ 
quently cultivated in European gardens and was formerly official in 
Europe under the wrong name of Flores alricani. Upon distillation 
of the fresh flowering heads with their bracts, Schimmel 8| Co.’) 
obtained a yield of 0.1 p.c. The oil has a golden-yellow color 
and an aromatic, strong taste which reminds somewhat of fruit 
esters and olefinic terpenes. d^,,.0.8856; «(, —5"35'; n^,.^„„ 1.49714; 
A. V. 2.0; E. V. 18.7; E. V. after acetylation 74.3; soluble in about 
6 vol. and more of 90 p.c. alcohol with opalescence. 

The dried inflorescences of the same harvest were also sub¬ 
jected to distillation*). The yield amounted to 0.08 p.c. computed 
with reference to the fresh material and 0.57 p.c. computed with 
reference to the dry material. The oil was brownish-yellow and 
differed but little from that obtained from the fresh flowers, 
d,5.0.8925; 9°; 0^,0.1.49938; A.V.6.4; E.V. 10.6; soluble in 9 to 

10vol. of 90 p.c. alcohol with turbidity, miscible with 95 p.c, alcohol. 

, Similar properties were shown by oils obtained by both water 
and steam distillation of air-dried stems and leaves, with a yield 

*) Report of Schimmel S Co. April 1898, 72. 

Annal. de Chlm. et Phys. V. 4 (1875), 132; jahresber. d. Chem. 1875, 849. 

’) Report of Schimmel S Co. November.1908, Ul. 

*) Ibidem April 1909, 87. 
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of 0.07 p.c. (computed with reference to fresh herb), and 0.218 p.c. 
respectively (computed with reference to dry herb), dj^. 0.9034; 

+ 1 15; 1.49938; A. V. 14; E. V. 12.4 (heated again 

E. V. 10.6); did not yield a clear solution with 10 vol. of 90 p.c. 
alcohol, miscible with 95 p.c. alcohol. From the saponification 
liquid a fatty acid was obtained which, after several recrystalli¬ 
zations, melted at 62" (palmitic add). 

According to the physiological investigation of J. Pohl, of 
Prague, the oil does not possess any specific action‘). 

898. Oil of German Chamomile. 

Oleum Chamomil'iae. — Kamlllenfil. — Essence de Camomflle*). 

Origin. The common chamomile, Matricaria ChamomiHa, L. 
(Chrysanthemum ChamomiHa, Bernh.) grows throughout Europe, 
with exception of the extreme north. It has migrated to North 
America and Australia where it has become common. 

Production. For the distillation of chamomile oil, which is 
at times designated German ehamomile oil in order to distinguish 
it from Roman chamomile oil, the less perfect flowers which are 
less suited for sale as drug, also the siftings consisting of 
individual disk florets are used. The material best suited for 
distillation of the oil comes from Hungary. The yield amounts 
to 0.2 to 0.38 p.c. On account of their low oil content, chamo¬ 
mile was formerly distilled with lemon oil, yielding the former 
Oleum Chamomillae citratum of the drug shops. 

A. )ama“) has ascertained that the volatile oil of chamomile is 
localized at two different places. The hollow floral disk contains 
a ring of collateral fibrovascular bundles, the phloem of which is 
preceded by schizOgenous secretory cells. On the fruit receptacle 
and on the floral tubes are oil-secreting hairs consisting of two 
rows of cells, the type of glands being characteristic of the com¬ 
posites. 

)ama distilled both oils separately. From 4 kg. of pure 
florets he obtained 14 g. oil =^0.35 p.c. and from 1 kg. of pure 

Report of Schimtnel ^ Co. April lUlU, 102. 

') In England and North America the designation Oil of Chamomile im¬ 
plies that of Anthemis nobiiis. 

Apotheker Ztg. 24 (1909), 585. 
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floral disks he obtained 5.1 g. oil = 0.51 p.c. The oil from the 
florets revealed the well-known deep blue color, that from the 
disks was faintly green and after a few days had become yellow. 
At ordinary temperature both oils were viscid. 

Properties. At middle temperatures chamomile oil is a some¬ 
what viscid liquid of deep blue color. Stored carelessly, with 
exposure to light and air, the color changes to green and finally 
turns brown. The odor of the oil is strong and characteristic, 
the taste bitter and aromatic. d, 5 » 0.922 to 0.956. Inasmuch as 
some oils are rather viscid even^ at 15“ and begin to separate 
crystals the determination of the density must at times be made 
in the undercooled condition. Cooling to a lower temperature 
causes the oil to become butyraceous and at 0" it congeals to a 
fairly firm mass. A. V. 9 to 50; E. V. 3 to 33; E. V. after acetyla¬ 
tion 117^) and 155 (two determinations); soluble in 95 p.c. alcohol 
but mostly only with separation of paraffin. 

)ama has ascertained the constants of the oils obtained from 
the separate parts of the inflorescences. For the oil from the 
florets he found: d,5.0.954; aj, + 0"; n,,,,. 1.363734; S.V. 74.4; for 
the oil from the disks: d,5.0.949; </„ ±0°; nj,.,j. 1.363716; S.V. 33.7. 

Composition. Disregarding some of the less important con¬ 
stituents, comparatively little is known about the composition of 
oil of chamomile. The older investigations of Borntrager^) and 
G. Bizio“) produced little worth mentioning. 

The investigation of ). H. Gladstone^) was restricted princi¬ 
pally to the blue constituent named casrulein. His statements 
concerning the properties, behavior and composition of this sub¬ 
stance differ considerably from those made by S. Piesse ') as well 
as those made by ). Kachler"). 

'An oil distilled by Kachler began to boil at 105°. Up to 180" 
4.5 p.c. passed over. This fraction had a faint blue color and a 

*) H. Haensel, Chem. Zentralbl. 1907, I. 1332. 

") Liebig's Annalen 49 (1844), 243. 

“) Wiener akadem. Berichte 43 (1861), 2. Abtig., 292; |ahresber. d. Chem. 
1861, 681. 

*) )oum. Chem. Soc. 17 (1864), 1 et se?.; lahresber. d. Chem. 1868, 550. 

“) CompL rend. 57 (1863), 1016; Chem. News 8 (1863), 245, 273; Oiem. 
Zentralbl. 1864, 320. 

«) Bert. Berichte 4 (1871), 36. 
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strong odor of chamomile. 8.3 p.c. distilled over between 180 
and 250". Between 255 and 295° 42 p.c. passed over in the form 
of handsome blue vapors. The distillate collected above 295° 
(25 p.c.) was very viscid and the vapors finally became violet. 
20 p.c. remained as a pitchy, brown mass. The distillation was 
accompanied by decomposition for all of the fractions had an acid 
reaction. By shaking them with aqueous potassa an acid was 
removed the analysis of the silver salt of which yielded results 
corresponding with caprinic acid, (H. Haensel') believes 

the oil to contain nonylic acid). Repeated fractionation of the 
two lower fractions, after they had been freed of acid, yielded 
an oil boiling betwefcn 150 and 165", the composition of which 
agreed by chance with the formula C,|,H,„0. However, it 
cannot be assumed that a fraction boiling within a 15 degree 
limit is a chemical unit. The analyses of the subsequent 
fractions, also representing mixtures, are therefore devoid of 
interest. 

The blue oil named aziilene by Piesse boiled between 281 
and 289°. Kachler regarded it as a polymer of camphor of the 
formula (C,„HjjO) 3 . Treated with potassium there resulted a 
hydrocarbon boiling between 250 and 255° to which there was 
assigned the formula which is not rendered probable by 

the low boiling point. Phosphorus pentoxide abstracts water 
from the blue oil with the formation of a hydrocarbon 
The entire behavior of the blue fraction of chamomile oil agrees 
completely with that of the deep blue oil obtained by P. Mossmer'-) 
by the dry distillation of galbanum resin. Presumably the high- 
boiling blue fractions of many other oils, such as milfoil, kesso, 
valerian, Roman chamomile, wormwood 8|C. are identical with that 
of chamomile oil. However, no other oil is colored so intensely 
as the latter, hence it may be contained in the purest condition 
in chamomile oil. 

As a result of the examination of their spectra A. Tschirch •'’) 
has arrived at the conclusion that the blue fractions of volatile 
oils are closely related. 

•) Chem. Zentralbl. 1907, I. 1332. 

“) Liebig’s Annalen 119 (1861), 262. 

”) Die fiarze und die HarzbehSiter. II. ed., vol. I, p. 378; A. Tschirch 
and M. Hohenadel, Arch, der Pharm. 228 (1895), 278. 
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A. E. SherndaH) who has recently investigated azulene 
assumes, without further ado, the identity of these blue sub¬ 
stances. Azulene is soluble in strong mineral acids and separates 
unchanged from their solution upon the addition of water. He 
shook 50 g. of an intensely blue fraction of an oil, the name of 
which he does not mention, with 10 g. of 83 p.c. sulphuric acid 
and set the mixture aside over night. The acid layer was then 
separated, diluted with water and treated with benzin until the 
latter was no longer colored blue. The benzin solution was 
shaken with 85 p.c. phosphoric acid until the blue color had 
disappeared. The acid layer, colored dark red, was separated, 
diluted with water and extracted with ether whereby he obtained 
0.141 g. (0.28 p.c.) of blue oil. In like manner Sherndal obtained 
larger amounts of azulene, which was finally purified by distil¬ 
lation in vacuum. In thin layers azulene shows a deep blue 
color, in thicker layers it appears black. Its odor is faintly 
phenol-like reminding somewhat of thymol. Elementary analysis 
and molecular weight determination in benzene agreed with the 
formula Exposed to the air it resinifies quickly. B.p. 295 

to 300 ’ (ordinary pressure) with partial decomposition, 185 to 
195° (25 mm.); d„j.0.9738. It is soluble in most organic solvents. 
The solution in 60' to 65 p.c. sulphuric acid is yellow and fluoresces 
strongly. The solution in phosphoric acid fluoresces with a reddish- 
yellow and apple-green color. From the acid solution, benzin 
does not take up azulene, hence sesquiterpenes can be readily 
removed. Heating with 94 p.c. sulphuric acid on a water bath 
does not change azulene. Action of nitric acid on the glacial 
acetic acid solution converts azulene into a yellow, amorphous 
mass. Oxidation with potassium permanganate yielded no charac¬ 
teristic “Abbau" products. Treatment with acetic acid anhydride 
and sulphuric acid resulted in a water-soluble substance, probably 
a sulphonic acid. 

According to later investigations by the same author'^), 
azulene readily yields a picrate that is well suited to its identi¬ 
fication and purification. To a solution of 1 g. of picric acid in 
20 cc. of 95 p.c. alcohol Sherndal added a solution of 1 g. 


*) Journ. Americ. Chem. Soc. 87 (1915), 167. 
') Ibidem 1537. 
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azuiene in 5 cc. alcohol. Within a few minutes the entire solution 
solidified to a crystalline mass, which was redissolved upon 
heating. From this solution the picrate again separated upon 
cooling in short, black crystal needles. It melted at 118°. In 
order to ascertain the composition of this picrate it was heated 
with a definite amount of barium hydroxide and water. Titration 
of the excess of barium hydroxide revealed that the picrate is com¬ 
posed of one molecule of azuiene and one molecule of picric acid. 

Upon reduction with colloidal palladium-hydrogen, azuiene 
takes up eight atoms of hydrogen with the formation of a colorless 
hydrocarbon C, 5 ti.,„ which possesses the properties of a bicyclic 
dihydrosesquiterpene and is probably identical with dihydro- 
tcgurjunene. d,„.0.8935; ni,,„. 1.490; + 0°. This reduced 

azuiene gives an intense color reaction with acetic acid an¬ 
hydride -I sulphuric acid, also with bromine and acetic acid. 

The reduction of azuiene shows that it is closely related to 
the sesquiterpenes. It contains four double bonds and is tricyclic. 
Moreover, the ready formation of a picrate suggests the presence 
of an aromatic nucleus. Conjugated hydroaromatic double bonds 
are wanting for it cannot be reduced with sodium and alcohol. 
The blue color must be explained by the peculiar arrangement 
of the double bonds in the azuiene molecule. 

The congealing of chamomile oil at low temperatures is 
caused by its paraffin content. The paraffin, which remains as 
a dark-colored mass upon distillation is readily soluble in ether, 
difficultly soluble in alcohol and tenaciously holds on to the blue 
pigment. When pure it is Show-white, melts at 53 to ,54° and 
shows all properties of the hydrocarbons of the paraffin series*). 
By extracting the dry flowers with petroleum • ether, T. Klobb, 
J. Gamier and R. Ehrwein=) obtained a paraffin melting at 52 to 
54° to which they assign the formula F. B. Power and 

H. Browning, )r.“) demonstrated the presence of triacontane, 
^ 80 ^ 82 , tn. p. 63 to 65° in chamomile flowers. 

The same investigators demonstrated the presence of several 
other constituents in an oil of chamomile which they obtained 

*) Report of Schimmel S Co. April 18M, 14. 

•) Bull. Soc. chim. IV. 7 (1910), 940. 

•) lourn. Chem. Soc. 105 (1914), 2280. 

CiLDcmeisTER, The volatile oils. 111. 
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as a byproduct from the alcoholic extract of chamomile flowers 
by steam distillation. It remains to be demonstrated whether 
these substances also occur in the normal oil obtained by direct 
distillation. Nevertheless, they may be mentioned. 

Furfural was identified by the customary color reactions. 
Upon standing for some time the oil separated a small amount 
of a substance that melted at 110°, developed an odor of cumarin 
when heated, and the solution of which in concentrated sulphuric 
acid showed a blue fluorescence. This substance is apparently 
identical with umbelliferone methyl ether (herniarin) which melts 
at 117 to 118° when pure and which had previously been found 
in Herniaria hirsuta, L., family Caryophyltacex, but not in a 
volatile oil. Umbelliferone is the lactone of umbellic acid, 
2,4-dihydroxycinnamic acid, hence 4-hydroxycumarin. The oil 
also contained a fatty acid melting at 61°. 


CH,-O.C„H/ 


CH:CH 
0 • CO 


Umbelliferone methyl ether. 


Examination. Milfoil oil is said to be used as an adulterant 
of chamomile oil for which purpose it is well suited on account 
of its blue color. The addition of larger amounts, however, are 
excluded because of the distinctive odor. Moreover, milfoil oil 
is rather expensive itself. More frequently cedarwood oil*) 
appears to be employed, its presence can be distinctly recognized 
when the odor of an oil thus adulterated is compared with that 
of a genuine one. The addition of cedarwood oil or other oils 
reduces the congealing capacity of this oil. Genuine oil becomes 
viscid at -f 15° and at 0° becomes butyraceous. Adulterated 
oils remain limpid at this temperature. 


899. Oil of Matricaria discoidea. 

Matricaria discoidea, D.C. is a North American composite 
that has migrated to Europe. It resembles the German chamomile 
but is smaller. It is further differentiated by the fact that the 
ray florets are greatly reduced. 

_ 


Chem. Ztg. 8 (1884), 268 and 19 (1895), 358. 
*) Report of Schimmel S Co. April 1895, 24. 
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Upon distillation of the entire plant Schimmel ^ Co.') obtained 
0.15 p.c. of a dark brown oil which, at ordinary temperature 
was full of paraffin crystals. As to odor it occupied a middle 
position between ordinary and Roman chamomile oil. djo.O.OlTb; 
A.V. 18.7; E.V. 77.5. On account of its large paraffin content 
It did not yield a clear solution with even 90 p.c. alcohol. After 
two recrystallizations from dilute alcohol the paraffin separated 
from the oil melted at 58 to 61°. 

900. Oil of Matricaria Parthenium. 

Origin and Properties. Matricaria Parthenium, L. (Pyrethrum 
Parthenium, Sm., Chrysanthemum Parthenium, Pers., Ger. Mutter- 
kraut), is frequently cultivated in Germany and also occurs wild. 
Formerly it was official as Herba Matricarias. Upon distillation 
the fresh flowering plant yields 0.02 to 0.07 p.c. of a yellowish 
to dark green volatile oil, which occasionally separates crystals 
at ordinary temperature, d 0.908 to 0.960. According to Chautard 
the plant that is beginning to produce flower buds yields more 
oil but is poorer in stearoptene than the flowering plant. 

Composition. Matricaria oil is of special interest because in it 
V. Dessaignes and |. Chautard") first discovered the rare Vcamphor. 
In order to obtain this substance the oil is fractionated and the 
fraction that boils in the neighborhood of 200° is exposed to a 
freezing mixture. The separated camphor is drained on a force filter. 

Plants grown in the neighborhood of Leipzig yielded 0.068 p.c. 
of oil; d,,.0.960. At middle temperatures there separated from 
the oil an abundance of hexagonal crystals which, recrystallized 
from petroleum ether, melted at 203 to 204” and consisted of 
\-borneol, [«]„ —36”. Camphor could not be found in this oil"). 

The oil examined by Dessaignes and Chautard' probably 
contained borneol as well as camphor. For the oil, after 
camphor had been frozen out, upon treatment with nitric acid 
yielded additional camphor. It may be assumed with a fair 
degree of certainty that the camphor obtained after the treatment 
with nitric acid owes its origin to borneol. 

•) Report of Schimmel Co. October 1911, 107. 

*) Journ. f. prakt. Chem. 45 (1848), 45. 

*) Report of Schimmel 5 Co. October 1894, 68. 
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According to Chautard *) the oil contains in addition a terpene 
boiling below 200° which does not yield a solid compound with 
hydrogen chloride, also a liquid dextrogyrate substance boiling 
above 200’ of higher oxygen content than camphor. In con¬ 
nection with the above-mentioned oil Schimmel 8; Co. determined 
a saponification value of 131 thus showing that the oil contains 
relatively much ester. 


901. Oil of Tansy. 

Oleum Tanaceti. — Rainfamil. — Essence de Tanaisie. 

Origin. Tanacetum vulgare, L. (Chrysanthemum Tanacetum, 
Karsch) is distributed over most of the European countries and 
has escaped cultivation in the Atlantic States of North America. 
It is one of the strongly aromatic composites the volatile oil of 
the flowers of which has been used as anthelmintic since the 
Middle Ages. 

In North America this plant is cultivated in Michigan 
(St. Joseph’s Co.) and in Indiana. 182 acres were cultivated 
during 1910, 145 acres during 1911 and 131 acres during 1912. 
In 1910, 1600 lbs. of oil were produced®). 

Production. Fresh, flowering tansy yields upon distillation 
0.1 to 0.2 p.c., dry material 0.2 to 0.3 p.c. of oiP). Most of 
the commercial oil comes from North America. It is noteworthy 
that the oils of different origin have somewhat different properties. 

Properties. Tansy oil is a yellowish liquid which becomes 
brown under the influence of air and light. 

In connection with the American commercial oils the following 
constants were determined: d,j,0.925 to 0.935; «j,-|-24 to H-34°; 
njjjo-1-457 to 1.459; A. V. up to 1; E. V. up to 16; E. V. after 
acetylation 28 (one determination); soluble in 2 to 4 vol. of 
70 p.c. alcohol, the diluted solution occasionally shows opales- 


') |oum. de Pharm. 111. 44 (1843), 13; jahresber. d. Chem. 1868, S3S. 

*) Report of Schimmel 6 Co. October 1910, 132; October 1911, 87; 
October 1912, 105. 

*) The yields recorded by 0. Leppig (Berl. Berichte 15 [1882], 1088, 
Referate) namely 1.49 p.c. from the flowers and 0.06 p.c. frojp the herb 
cannot pertain to oils obtained by distiliation. 
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cence and even turbidity. The oil distilled from fresh herb has 
the. specific gravity of 0.925 to 0.940; that from dried herb 
up to 0.955; with 70 p.c. alcohol no clear solution could be 
obtained. 

An oil distilled in Bodenbach, Bohemia, from dried herb 
with a yield of 0.3 p.c. had the following constants: dj.,. 0.9398; 
“ij + 9°35'; n„ 2 „. 1.47431; soluble in 1.5 vol. of 80 p.c. alcohol 
with decided separation of paraffin. In connection with a second 
oil of the same origin the following constants were a.scertained: 
dij. 0.9344; —3''2'; A.V. 1.9; E.V. 33.6; E.V. after acetylation 

80.8; soluble in 11 vol. of 70 p.c. alcohol, the solution being 
turbid, the turbidity’, however, disappearing on the further addition 
of solvent. 

An oil*) distilled in England from cultivated tansy had but 
little similarity with the ordinary oil and possessed a decided 
odor of camphor, similar to that of rosemary. Upon evaporation 
of the oil a delicate, ambra-like odor finally became perceptible. 
The camphor content was so large that part of it crystallized 
out at 0°. The most remarkable difference, however, was its 
optical rotation for it deviated the ray of polarized light to the 
left, —27”. 

Composition. The largest part of tansy oil consists of 
ii-thujone or tanacetone, a substance to which the oil owes its 
characteristic odor. It was first isolated in the pure state by 
G. Bruylants**), who regarded it as an, aldehyde and named it 
tanacetylhydride. That it is a ketone and identical with the 
thujone found by 0. Wallach in thuja oil, was demonstrated 
by F. W. Semmler’s**) investigations. As shown by the preparation 
of its semicarbazone Wallach*) demonstrated that the thujone 
of tansy oil consists of the dextrogyrate ,'1-compound. Properties 
and derivatives of thujone are described in vol. 1, p. 461. 

Fraction 203 to 205° yielded upon oxidation with chromic 
acid a small amount of camphor. Bruylants was of the opinion 
that it contained the alcohol corresponding to thujone, 

*) Report of Schimmel 8| Co. October 18#5, 46. 

*) Berl. Berichte 11 '(1878), 449. 

*) /bidem © (1892), 3343. 

*) Liebig’s Annalen 38« (1904), 267. 
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and regarded camphor as its oxidation product. Inasmuch, 
however, as camphor cannot result from thujyl alcohol, it must 
have resulted from some other constituent or must have been 
contained in the oil as such. Previously, ). Persoz‘), also 
H. Vohl-) had obtained camphor after oxidation of the oil with 
chromic acid. Persoz left it undecided whether camphor was 
contained in the oil as such or whether it had been formed 
upon oxidation. 

In order to decide this question Schimmel 8i Co.“) fractionated 
an oil from which thujone had been removed as completely as 
possible with bisulphite. As the thermometer rose to 205", 
a solid, crystalline mass separated in the feceiver which was 
drained by means of force filter and rccrystallized from 80 p. c. 
alcohol. Odor and other properties indicated a mixture of 
camphor and borneol. For their separation the Haller method*) 
was resorted to which yielded a large amount of camphor and 
little borneol. The identity of the camphor was proved by 
the preparation of camphor oxime melting at 116°. The optical 
rotation showed that it was not the common dextrogyrate 
variety but the much less common \sd\o-camphor. The angle 
of rotation of borneol could not be determined because of the 
small amount of material. 

It remains to be ascertained whether thujyl alcohol is 
present in tansy oil as would seem to ’ibe indicated by the 
statement of Bruylants. In addition the question whether the 
terpene, b.p. 160", separated by Bruylants is pinene or camphene 
should be answered. 

According to Peyraud ’') oil of tansy is exceedingly poisonous 
and in animals produces a condition related to rabies, la rage 
tanacetique, also known as simili-rage. The cause for this may 
be sought in the poisonous character of thujone"). 


') CompL rend. 13 (1841), 436. — Liebig’s Annalen 44 (1842), 313. — 
journ. {. prakt Chem. 23 (1842), 55. 

") Arch, der Pharm. 124 (1853), 16; Pharm. Zentralbl. 1858, 318. ^ 

*) Report of Schimmel S Co. October 1895, 46. 

*) Compt. rend. 108 (1889), 1308. 

') /hidem 105 (1887), 525. 

") Comp. F. jurss, BeitrSge zur Wirkung de$ Thujons. Report of 
Schimmel S Co. October 1908, 126. 
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902. Oil of Tanacetum boreale. 

Half-dried herb of Tanacetum boreale, Fisch., a native of 
Siberia, yielded upon distillation’) 0.12 p.c. of an oil with a 
yellowish color and a strong thujone odor. d„.0.9218; -f-48' 25'; 
with 8 vol. of 70 p.c. alcohol it yields a turbid solution with 
copious separation of paraffin. 

The oil obtained from fresh herb with a yield of 0.117 p.c.'*) 
behaved somewhat differently. It was somewhat more viscid and 
greenish-brown in color, dj,.,.0.9603; optical rotation not determinable 
because of the dark color; nj,.,„. 1.49167; A. V. 30.47; E. V. 40.55; 
insoluble in 10 vol. of 70 p.c. alcohol, soluble in 2 vol. of 80 p.c! 
alcohol, the solution becoming turbid upon the addition of more 
solvent with the separation of paraffin, miscible with 90 p.c, 
alcohol until upon the addition of 0.8 vol. and more turbidity 
sets in with the separation of paraffin. 

903. Oil of Tanacetum Balsamita. 

From cultivated, fresh, flowering herb TanacetumBalsamita,L., 
Ger. Balsamkraut, Schimmel § Co.“) obtained upon distillation 
0.064 p.c. of oil. Its odor was agreeably balsamic, but little 
characteristic, reminding strongly of tansy: dj,. 0.943; (f„--43°40' 
to --'53° 48'; S. V. 21. In the cold paraffin-like crystals rise to 
the surface. In 80 p.c. alcohol the oil was insoluble. With 
1 to 2 volumes of 90 p. c. alcohol a clear solution resulted which 
became turbidiupon the addition of more solvent, white floccules 
(paraffin?) separating. Upon distillation the oil passed over 
between 207 and 283". 

904. Kiku Oil. 

In the western part of Japan, kiku oil is distilled in considerable 
quantity from the leaves and flowers of Chrysanthemum japoni- 
cum, Thbg. (Ch. indicum, L.; Pyrethrum indicum, Cass.; Japanese 
f^iku). In 1887 the production amounted to about 1400 kg. It 
is used as a popular remedy*). 

‘) Report of Schimmel S Co. October 19W, 97. 

*) Ibidem October 190.J, 66. 

”) Ibidem October IS#?, 60. 

*) Bericht von Schimmel £i Co. April 1H88, 46. 
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Kiku leaf oil is colorless and has a camphor-like odor reminding 
somewhat of eucalyptus, d 0.885; b.p. 165 to 175°*). 

Upon distillation of the green leaves G. Perrier'*) obtained 
about 0.16 p.c. of volatile oil, the color of which was green and 
the odor of which reminded of chamomile and peppermint. 
djj.0.932; n^ig, 1.4931. With 10 parts of 90 p.c. alcohol it gave 
a clear solution. Cooled to —15° it separated an amorphous, 
paraffin-like substance. Exposed to a lower temperature it 
congealed completely. At 160° the oil began to boil. S. V. 8.61. 
From the saponification liquid hydrochloric acid separated a solid 
product that had the odor of angelic acid. 

Kiku flower oil possesses an odor not at 'all unpleasant. The 
lower fraction passing over at about 180° has an agreeable odor, 
the higher fractions smell camphor-like and are not especially 
agreeable. 

905. Riono-Kiku Oil. 

From i\\tf{o'titTs(^)o\Chrysanthemuinsinense\2ir.japonicum, 
ffiono-/(iku, S. Keimatsu®) obtained 0.8 p.c. of a yellowish-brown 
oil. It contained i-camphor. From 250 g. oil 40 g. were isolated 
by exposure to low temperature. The camphor was identified by 
means of its oxime (m.p. 116 to 117?, inactive), paracamphoric 
acid (/-camphoric acid) melting at202°, and by its /f-bromo derivative 
(m.p. 61°). The oil which remained after the removal of this 
camphor, but which still contained considerable amounts thereof, 
had the following properties: dj^.0.9394; [«]„—12°4'; A.V. 0; 
E. V. 0. In the lower boiling fraction the presence of \-camphene 
was demonstrated by its conversion into /isoborneol. 

906. Oil of Chrysanthemum cinerariaefolium. 

The distillation of 24.6 kg. of Dalmatian pyrethrum blossoms 
(insect powder) yielded Schlagdenhauffen and Reeb*) 3 g. of a 
butyraceous volatile oil. A much larger yield, namely 0.39 p. c.. 


‘) Bericht von Schlmmel S Co. April 1887, 37. 

«) Bull. Soc. chim. III. 28 (1900), 216. 

“) Joum. pharm. Soc. of )apan 1809, Mo. 326, I. 

‘) journ. de Pharm.■ d’Alsace-Lorraine August 1891; jahresb. f. Pharm.' 
1881, 61. — Comp, also H. Thoms, ibidem. 
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was obtained by H. Haensel upon distillation of the flowers of 
Chrysanthemum cincrariaefoUum (Trev.), Bocc., which yield the 
Dalmatian insect powder. The oil was a brOwn liquid of agreeable 
odor that began to congeal at 28“ and was solid at ordinary 
temperature. 

P. Siedler'^) distilled 30 kg. of prime quality, half-open Dalmatian 
blossoms of the latest harvest and obtained 20.212 g. - 0.067 p.c. 
(by shaking the aqueous distillate with ether) of a salve-like mass 
of strongly aromatic odor. Of solid constituents it contained 
a paraftin CnHj,, melting at 54 to 56°,' also a substance melting 
at 62°, presumably palmitic acid. The liquid portion of the oil 
contained a phencd and an acid that had the odor of butyric 
acid, but was not farther characterized. It may be regarded as 
demonstrated that the insecticide principle is not contained 
among the constituents volatile with water vapor. 

907. Estragon Oil. 

Oleum Dracunculi. — EsdragonSI. — Essence d’Estragon. 

Origin. Estragon oil which is used in conserves and in the 
preparation of aromatic vinegars, is distilled from the flowering 
herb of Artemesia Dracunculus, L. Dry herb yields 0.25 to 0.8 p.c., 
fresh herb 0.1 to 0.4 p.c. 

Properties, Estragon oil is a colorless to yellowish-green 
liquid of a peculiar anise-like odor and a strongly aromatic, but 
not sweet taste. d,„. 0.900 to 0.945; «„-l-2 to -f 9"; n,„„. 1.502 
to 1.514; A. V. up to 1; E.V. 1 to 9; E.V. after acetylation 15 
(one determination); soluble in 6 to 11 vol. and rnore of 80 p.c. 
alcohol, also in 1 vol. and more of 90 p. c. alcohol. 

An oil distilled by Roure-Bertrand Fils«) revealed rather 
different properties, namely the following: d,j.0.9814; -|-2°56'; 

S. V. 29.8. 

The oil should be stored in well-stoppered, completely filled 
bottles otherwise the methyl chavicol is oxidized to an aldehyde 
vyhich increases the specific gravity, the index of refraction and 


») Pharm. Ztg. 48 (1898), 760. 

•) Berichte d. deutsch. pharm. Ges. 3.'> (1915), 297. 

•) Berichte von Roure-Beftrand Fils October 1910, 43. 
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the solubility in 80 p. c. alcohol. An oil with the following 
properties: dj,.0.9168; a„ + 3°10'; nj,s,o-^-50847; soluble in 1 vol. 
and more of 90 p.c. alcohol; after standing for six months in an 
open bottle had the following properties: d,5,1.0475; «j,-i-3°10'; 
n|,„„. 1.52493; soluble in 1 vol. and more of 80 p.c. alcohol. It 
reacted when shaken with bisulphite solution. 

Composition. Estragon oil was first investigated by Laurent^). 
Upon oxidation he obtained an acid melting at 175° which he 
designated dragonic acid. C. Gerhardt^) recognized this acid as 
anisic acid. Inasmuch as this oil behaved like anise oil toward 
sulphuric acid and other reagents, he declared both oils as identical. 
Since that time anethol has been regarded as the principal con¬ 
stituent of estragon oil. When in 1892 methyl chavicol {/?-methoxy 
allyl phenol), an isomer of anethol, (/>-methoxy propenyl phenol) 
was shown for the first time in the laboratory of Schimmel 8; Co. 
to be a constituent of a volatile oil, namely, anise bark oil, its 
estragon-like odor attracted attention. An investigation under¬ 
taken in consequence of this observation, showed that estragon 
consists for the most part of methyl chavicol, but contains no 
anethol’). 

Upon energetic oxidation, methyl chavicol (see vol. I, p. 475) 
like anethol, yields anisic acid; gentle oxidation with potassium 
permanganate, however, yields /jomoanisic acid. The statement 
made by Gerhardt that the acid obtained by oxidation of estragon 
oil is anisic acid was, therefore, correct. However, the conclusion 
that the oil contains anethol was wrong. 

Later methyl chavicol was also found in estragon oil by 
E. Grimaux'*) and designated “estragol" although there was no 
excuse for re-naming a known substance the presence of which 
in this oil had previously been established. 

Additional constituents are reported on by Daufresne’) who 
examined German as well as French oils. 


‘) Liebig’s Annalen 44 (1842), 313. 

’) Compt. rend. 19 (1844), 489. — Liebig’s Annalen 52 (1844), 401. 

’) Report of Schimmel S Co. April 1892, 30. 

*) Compt. rend. 117 (1893), 1089. 

“) Etude de fessence d’estragon et de quelques dirivds de I'estragot. 
n&se, Paris 1907. — Compt. rend. 146 (1907), 875. — Bull. Soc. chim. IV. 8 
(1908), 330. 
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Fraction 173 to 175” (760 mm.) had the following constants: 
djj.0.812; f(j,-4-29°44'; n,,, 5 .1.48636; mol. refr. found 48.04, which 
indicates an aliphatic hydrocarbon with three double bonds similar 
to ocimene but not identical therewith. Upon reduction dihydro- 
myrcene resulted: b.p. 66 ° (12 mm.); d^^, 0.7972; n,„,„ 1.45782; 
mol. refr. found 47.19. According to the method of Bertram- 
Walbaum the hydrocarbon yielded a product that boiled at 95 
to 100° (15 mm.) and had the odor of linalyl acetate. 

The terpene fraction which contributed 15 to 20 p.c. of the 
oil contained in addition a hydrocarbon which possibly is identical 
with phellandrenii. 

Furthermore Daufresne found in a 16 year old German oil 
p-methoxycinnamic aldehyde (b.p. 170” under 14 mm. pressure; 
d„. 1.137; m.p. of semicarbazone 222“; m.p. of oxime 154°). This 
oil contained 4.5 p.c., whereas a French oil contained but 0.5 p.c., 
and another German oil 0.4 p. c. The bi.sulphite addition product 
was difficultly decomposable. Oxidation with permanganate in 
acid solution yielded anisic acid (m.p. 184”), whereas oxidation 
with silver oxide yielded /)-methoxycinnamic acid (m.p. 170°). 
Comparison with synthetic /)-methoxycinnamic aldehyde, prepared 
according to M. Scholtz and A. Wiedemann'), established the 
identity of the two substances. The higher boiling fractions of 
the oil split off water and resinified. They were laevogyrate and 
possibly contained an a/t/o/"). 

908. Oil of Levant Wormseed. 

Origin and Production. Levant wormseed. Semen Cinae, Ger. 
Wurmsamen or Zitwersamen, which contains santonin, is used 
in popular medicine as anthelmintic. It consists of the unexpanded 
floral blossom of Artemesiamaritima, L. var. Stechmanni{A. Cina, 
Berg). This plant occurs only in Russian Turkestan"). The area 
on the left bank of the Syr-Darja is rather limited, whereas that 
on the right bank is more extended. It covers the shores and 
valleys of the larger and smaller rivers as far as the Altai. The 

‘) Berl. Beriehte 3fi (1003), 853. 

*) Comp, also Daufresne and Flament, Bull. Soc. chim. IV. 8 (1908), 656. 

") Westnik finanzov 1912, Nr. 33; Pharm. Ztg. 57 (1912), 778; Chem. Ztg. 
S7 (1913), 620. 
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monopoly to collect is farmed out by the Government. The largest 
santonin content is found in the blossoms that have just ex¬ 
panded. Inasmuch as the unfolding takes place very rapidly, the 
harvest, which usually takes place toward the end of August, 
must be accomplished within two weeks. 

As is the case with all other wild plants in treeless prairies, 
a large part of the Artemisia is collected annually as fuel. That 
the plant has not been completely exterminated is due first to the 
circumstance that it is perennial and secondly to the fact that some 
of it has matured sufficiently when harvested to sow itself. Many 
plants are also destroyed by the herds of sheep grazing in those 
regions. Rational culture would yield per.desjatlne(==abt.2“/4 acres) 
150000 to 300000 poods (=2450000 to 4900000 kg.) of Flores Cinee. 

The largest part of Levant wormseed, about nine-tenths, is 
used for the manufacture of santonin, in the production of which 
the oil was formerly obtained as a byproduct, inasmuch as the 
santonin factories have for some time abandoned the production 
of the oil, the price of the latter rose so as to reduce its con¬ 
sumption materially. The fact that cineol, or eucalyptol, the 
principal constituent of Levant wormseed oil, can be had at a 
very low price, may have had something to do with it. 

The yield obtained upon distillation amounts to 2 to 3 p.c. 

Properties. Oil of Levant v^ormseed is a yellow liquid having 
the camphor-like odor of cineol, which is accompanied by an 
unpleasant odor peculiar to the “seed”, djj. 0.915 to 0.940; 

—1°50' to —7'’; nuj„. 1.465 to 1.469; soluble in 2 to 3 vol. 
and more of 70 p.c. alcohol. 

Composition. Although Levant wormseed oil had been inves¬ 
tigated repeatedly, the results were not satisfactory so far as the 
principal constituents are concerned, since they contradicted each 
other in points not inessential. The views concerning the hydro¬ 
carbons resulting from the dehydration of the substance CxoH llfi 
were especially • divergent. Whereas C. Volckel^), H. Hirzel*), 
K. Kraut and Walilforss*), also C. Grabe*) claimed that the 


*) Liebig’s Annalen 38 (1841), 110 ; 87 (1853), 312 ; 89 (1854), 358. 
*) jahr^ber. d. Chem. 1854, 591 and 1855, 655. 

>) Liebig’s Annalen 128 (1864), 293. 

*) Berl. Berichte 5 (1872), 680. 
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action of phosphoric acid anhydride yielded a hydrocarbon 
C. Faust and J. Homeyer*) proved that the hydrocarbon, known 
as “cynene” is identical with cytnene. 

All of these contradictory statements were cleared up by 
two almost simultaneous contributions, the one by 0. Wallach 
and W. Brass'^), the other by C. Hell and H. Sturcke*). 

Wallach and Brass first isolated in a pure condition the oxy¬ 
genated constituent, of which the bulk of Levant wormseed oil 
is composed. By passing hydrogen chloride into the oil they 
obtained a crystalline addition product which was decomposed 
with water. This oxygenated constituent they named dneol and 
showed that hydrogen chloride and benzoyl chloride will dehydrate 
it with the formation of a terpene, cynene, later designated di- 
pentene. In addition they showed that, under the influence of 
concentrated sulphuric acid or phosphoric acid, dipentene yields 
cymene. Thus were explained the deviating results of earlier 
chemists. According to the strength of dehydrating agent and 
the conditions under which it was employed, they had obtained 
mixtures of both hydrocarbons in which either dipentene or 
cymene predominated. 

Later). Schindelmeiser‘) showed the presence of \-a-pinene 
in the lowest boiling fraction (m.p. of nitrosochloride 103 to 104°; 
m.p. of hydrochloride 123°), that' of terpinene (m.p. of nitrosite 
155 to 157°) in the middle fraction, also that of Va-terpineol 
(m.p. of nitrosochloride 103 ; terpin hydrate; m.p. of dipentene 
dihydrochloride 48°). 

These results were verified by Schimmel S Co.**). In addition 
to «-terpineol they found a terpinenol (b.p. 208 to 218°) in the 
alcohol fraction. With hydrochloric acid they obtained terpinene 
dihydrochloride (m.p. 52°) and with 3 p.c. sulphuric acid c/s- 
terpin hydrate (m.p. 116 to 117°). Whether the alcohol was «- 
or /J-terpinenol could not be decided. 

The higher boiling fractions (b. p. 230 to 260°) contain a ses¬ 
quiterpene (dij, 0.9170). A solid nitrosochloride was not obtained, 

‘) Berl. Berichte 7 (1874), 1429. 

•) Liebig’s Annalen 226 (1884), 291. 

•) Berl. Berichte 17 (1884), 1970. 

*) Apotheker Ztg. 22 (1907), 876. 

“) Report of Schimmel S Co. November 1908, 143, 
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neither a hydrochloride nor a bromide. From the distillation 
residue of the oil (b. p. above 280°) crystals separated slowly. 
These may be a solid sesquiterpene alcohol’) or the paraffin 
(m. p. 55 to 58°) which T. Klobb, j. Gamier and R. Ehr- 
wein''’) found in the flowers of this plant. 

909. Oil of Doz. 

From Bombay Schimmel Co.“) obtained an herb named 
Doz which, according to its botanical examination, may be a 
variety of Artemisia maritima, L. However, nothing definite could 
be ascertained for not a single flower was present. A trial dis¬ 
tillation yielded 0.24 p.c. of a dark green oil of a peculiar but 
not distinctive odor. dj^. 0.9696; A. V. 1.8; E. V. 4.2; soluble in 
about 3 vol. of 70 p.c. alcohol with the separation of paraffin. 
On account of its dark color the optical rotation of the oil could 
not be ascertained. The few grams of oil precluded a detailed 
examination. 

910. Oil of Wormwood. 

Oleum Absinthii. — WermutSI. — Essence d’Absinthe. 

Origin. Artemisia Absinthium, L., is indigenous in many 
countries of the old world as far north as Scandinavia, Finland 
and Siberia, and has migrated to North America. For com¬ 
mercial purposes the plant is frequently cultivated. 

Previous to the prohibition of absinthe in France the small 
or Roman wormwood, Artemisia pontica, L. was cultivated as 
well as the common or large wormwood. In addition the wild 
ordinary plant was used for the distillation of the oil. 

Production. Since the production and the sale of oil and 
of the beverage absinthe have been prohibited in France*), the 
cultivation of wormwood which was formerly extense, and 
the distillation of oil connected therewith, has ceased almost 
entirely “). Hence the cultivation in North America has taken 

’) Report of Schimmel S Co. November 1908,143. 

*) Bull. Soc. chim. IV. 7 (1910), 940. 

“) Report of Schimmel £i Co. April 1915, 51. 

*) Comp. Berichte von Roure-Bertrand Fils April 1907, 43. 

*) Report of Schimmel § Co. November 1908,127. — Berichte von Roure- 
Bertrand Fils October 1912, 82; October 1918, 56; April 1914, 44. 
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first place. During 1911 about 404 acres were under cultivation 
in Michigan and Indiana yielding about 8000 lbs. of oil. Wayne Co., 
N.Y., had about 21 acres under cultivation with an estimated 
yield of 370 lbs. of oil ’). The area cultivated in Sauk Co., Wis., 
also appears to be fairly large-). The importance of the worm¬ 
wood cultivation in this state lies in the rotation of crops; 
wormwood, Indian corn, oats or barley. A very good oil is 
produced in Miltitz near Leipzig by Schimmel Si Co. from home¬ 
grown plants. Algeria, Italy and Spain also supply wormwood 
oils though not in considerable amounts. 

Concerning the yield and character of the oil it should 
be pointed out that they vary considerably according to the 
condition of the herb (fresh, moist, half dry, dry) and the length 
of distillation. If the still is charged with fresh herb during 
wet weather, the yield may be but half of the normal. Indeed, 
wet herb can scarcely be exhausted for the oil is but slowly 
extracted from the pasty mass, so that the complete exhaustion 
would not pay for the steam. Under favorable conditions fresh 
herb may yield 0.5 p.c. of oil. 

In France wormwood is frequently distilled together with 
lavender flowers or with the herb of Calamintha Nepeta, L. 
The reason given is to obtain a more limpid oil. 

Concerning the formation and distribution of the volatile oil 
in wormwood, investigations have been made by E. Charabot") 
and G. Lalouc*). 

Properties. Oil of wormwood is occasionally a somewhat 
viscid liquid. The color is either dark green, occasionally blue, 
or brown. The odor is the unpleasant odor of the plant. The 
taste is bitter, scratching and persistent. * 

For reasons enumerated in a previous paragraph, the 
properties of individual oils vary so greatly that it is frequently 
impossible to draw conclusions as to the source or purity of 

*) Report of Schimmel £i Co. October 1911, 100. 

■ •) R. H. Denniston and R. E. Kremers, Bull. Univ. Wisconsin, Serial 
No. 738, Gen. Ser. No. 542. Madison 1914, p. 32; Report of Schimmel 6 Co. 
October 1915, 43. 

“) Compt. rend. 180 (1900), 923. - Bull. Soc. chim. III. 38 (1900), 474. 

*) Berichte von Roure-Bertrand Fils April 190(1, 3. — Compt rend. 144 
(1907), 152. — Bull. Soc. chim. IV. 1 (1907), 280, 640. 
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commercial oils. On account of the dark color, the optical 
rotation of the oil is not directly determinable. Using a 1 p.c. 
alcoholic solution in a 20 mm. tube the dcfxtrorotation of a series 
of commercial oils was determined. Computed for the oil itself 
they corresponded to «], -f- 40 to + 70°. The oil distilled in 
Barreme from wild plants (p. 641) showed a laevorotation of 
16° 40' when determined in this manner. 

The constants determined in connection with a large number 
of wormwood oils are herewith tabulated: — 

Commercial Oils. 


di5« 


nD 80 . 

A.V. 

E.V. . . . . 


E.V. after aectyl. 
Solubility in 
80p.c. alcohol 


Solubility in 
00p.c. alcohol 


.French 

Algerian • 

Italian 1 

American 

0.901 to 0.954 

0.905 to 0.939 

0.918 to 0.943 

0.916 to 0.938 

(mostly above 0.92) 




1.46684 

— 



(1 determination) 




up to 6.7 

up to 6.1 

up to 5.6 ■ 

up to 2.2 

11 to 108 

14 to 93 

15 to 37 

46 to 89 

(in one instance 135) 




— 

— 

123.2 

113.9 


Soluble in I to 2 vol. Additional solvent occasionally Soluble in 1 to 2 vol. 
causes turbidity. At times the oil is not completely soluble. More solvent oo 

casionally causes 
opalescence. 

i, Readily soluble. Solution is clear from the beginning or 5jj|ubie m all pro- 
ij up on the addition of 0.5 to 1 vol. Only in isolated cases . portions 
|i does dilution cause turbidity. ^ 


Distillates of Schimmel 8( Co. 


a) Distilled in MiUitz: 


Variety of herb: 

Hungarian 

Mittitz 

di6" . .... y 

0.8845 

0.9125 

' 0.932 to 0.954 

A.V. 



16.8 

1 0.2 to 8.6 

E.V. 


35.0 

75.4 

76 to 185 

E.V. after acetyl. 


— 

— 

153 to 222 

Solubility and 
boiling tem¬ 
perature 


Insoluble in 
80 p. c. al* 
cohol. ^ 
Readily 
soluble in 
90p.c. al* 
i^hol. 

insoluble in 
80 p.,c. al* 
cohol. ! 
Soluble in 
95 p.c. al¬ 
cohol. Sol.: 

at first 
clear, later 
turbid. ! 
! 

1 

Mostly soluble even in 
80p.c. alcohol (1 to 
i 4 vol.)) sol. In all pro¬ 
portions of 90 p.c. 
alcohol, occasionally 
0.5 to 1 vol. are re¬ 
quired. The bulk boils 
between 36 and 90*^ 

! under4mm.pressure. 
All fractions strongly 
dextrogyrate, 5S to 

1 


French, cultivated 
I in Miltitz 

I 0.9276 to 0.9331 
! Up to 1.5 
I 38.8 to 65.3 
I 93.3 to 170.3 

j Sot. in 1 to 1.5 vol. 
of 80 p. alcohol. 
In one instance 
; additional solvent 
I caused turbidity. 
I Soluble in all prp* 
I portions of p.c. 
j alcohol. 
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b) Distilled in Barrbme: 


Variety of herb 


Wild herb 


Cultivated herb 


d,6.. 

A.V. 

E.V. 

E.V. after acetyl. 

Solubility . . . 

Boiling tempe¬ 
rature 


0.901 to 0 908 0.936 to 0.939 

i| up to 3.2 up to 2.8 

:l 34.3 to 57.4 96.4 to 114 

Ij - 164.5 

( I Even With 90p.c. alcohol , Does not yield a clear .solution with SOp.c. 
11 it.s .solutions are clear | alcohol. With dOp.c. alcohol one of the 
I only at first. j oils yielded a clcai solution, the other two 

oils yielded solutions which were clear only 
\ when concentrated. 

I Under 3mm. press. It boiled Under 4 mm. pressure, a laritc pait of the 
j for the most pari betw. 40 oil comes over between 45 and 07°. Allfrac* 
|| andlpO®.Allfractionswerc tions strongly dextrogyrate from -|-51®28' 

1 .j lajvogyratc, from —3°2h' to+72°20'. The presence of pmcne could 

' ll to —21° 10' (Mhuionc'')- not be proven with certainty. 


An oil distilled from wild Dalmatian herb had the following 
properties'): d, 5 .0.9188; A.V. 1.3; E.V. 64.6; soluble in 1 vol. 
and more of 80 p.c. alcohol. 

According to E. Charabot-) the relation of thujone to thujyl 
alcohol changes with the degree of development of the plant, 
the thujone, which is present originally, disappearing and being 
converted in part to thujyl alcohol. Oils distilled from plants 
at different times show the following differences: — 

dt 4 « Ester content Thujyl alcohol Thujone 

combined free total 

No. 1 . . 0.9307 9.7 p.c. 7.6 p.c. 9.0 p.c. 16.6 p.c. 43.1 p.c. 

„ 2 . . 0.9253 13.1 p.c. 10.3 p.c. 9.2 p.c. 19.5 p.c. 35.0 p.c. 

Roure-Bertrand Fils ') distilled two oils of wild wormwood 
which had grown in the hills about Caussols (Maritime Alps). 
One was distilled in 1900, the other in 1905. Their analysis 
yielded the following results: — 



1900 

1905 

Ester. 

9.0 p.c. 

5.5 p.c. 

Combined alcohol. 

7.0 p.c. 

4.3 p.c. 

Free alcohol. . . 

71.9 p.c. 

76.3 p.c. 

Thujone . . . . 

8.4 p.c. 

3.0 p.c. 


') Report of Schimmel S Co. October 1911, 101. 

>) Compt, rend. 130 (1900), 923.-Bull. Soc. chim. III. 23 (1900), 474. 
“) Berichte von Roure-Bertrand Fils April 1900, 36. 

ClLDEMElSTER, THE VOLATILE OILS. Ml. 
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i hese dlls contained only a small amount of thujone, thujyl- 
alcohol being the principal constituent. An oil distilled by the 
same firm from plants cultivated in Grasse had the following 
properties: ester 35.6 p.c.; alcohol ester 27.9 p..c.: free alcohol 
12.3 p.c.; thujone 7.6 p.c. As will be seen thujylalcohol was 
also the principal constituent of this oil, but more of it was 
combined than in the oil from the wild plants. 

Composition. The first chemical investigation of wormwood 
oil was made by F. Leblanc’). After several rectifications of 
the oil over lime he obtained a distillate at 205° which was the 
principal constituent of the oil and the composition of which he 
correctly determined as .Ci„Hi,0. Treatment with phosphoric 
acid anhydride yielded a, hydrocarbon These results 

were later verified by a A. Cahours”), H. Schwanert?), and). H. Glad¬ 
stone*). F. Beilstein and A. Kupffer*) named the substance 
absynthol and ascertained that dehydration yields 
cymene. They also verified Gladstone’s statement that the con¬ 
stituent which distills over between 270 and 300° is identical 
with the corresponding fraction from chamomile oil. 

Upon shaking the individual fractions with potassa solution, 
Beilstein and Kupffer isolated an acid the analysis of the barium 
salt of which identified it as acetic acid. 

Semmler') first pointed out the identity of absynthol with 
tanacetone or thujone. For the properties of thujone see vol. 1, 
p. 461. 

The results of the investigation of the other constituents 
made in their New York laboratory are reported by Schimmel 
8 i Co.’). The oil distilled by themselves was first deprived, of 
its thujone as completely as possible by treatment with sodium 


‘) Compt. rend. 21 (1845), 379. — Annal. de Chlm. et Phys, III. W 
(1846), 333;.Chem. Zentralbi. 1M6, 62. 

•) Compt. rend. 25 (1847), 725. 

*) Liebig’s Annalen 128 (1863), 110. 

*) Journ. Chem. Soc. 17 (1864), 1 etseg.; (ahresber. d. Chem. 186#, 549. 
•) Liebig’s Annalen 170 (1873), 290. 

^ Berl. Berichte 25 (1892), 3350. Comp, also ibidem 27 (1894), 895. 
furthermore Report of Schimmel 6 Co. October 1894, 56 and Wallach, Liebig's’ 
Annalen 286 (1895), 93. . 

.’) Report of Schimmel S Co. April 1897, 47. 
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bisulphite solution with the addition of alcohol. The remaining 
oil was sapotiified with alcoholic sodium hydroxide. After 
recovery of the alcohol, the saponified oil was distilled with 
steam. A considerable viscid residue was obtained that was 
only partly soluble in ether. The ether insoluble portion revealed 
itself as the sodium salt of an acid which was recognized as 
palmitic acid by the determination of its melting point and 
analysis of its silver salt. The aqueous saponification liquid 
was neutralized with sulphuric acid and evaporated to dryness 
and the residue extracted with absolute alcohol. The acids 
of the organic sodium salts extracted by alcohol were esterified 
and the esters separated by fractional distillation. As is the 
case with the esters of most volatile oils this acid mixture con¬ 
sisted of acet/c and hovaieric acids. 

The steam-distilled oil was first fractionated several times 
under diminished pressure, after which the lower fractions 
were refractionated under ordinary pressure. Thus a very small 
fraction 158 to 168° was obtained in which the presence of 
pheiiandrene was proven. An attempt to identify pincne by 
means of its nitrosochloride resulted in the characteristic blue 
coloration. A few crystals were also obtained but the amount 
was too small to make possible the identification of pinene*). 

Fraction 200 to 203° revealed itself as thujone which cannot 
be removed completely from the original oil by treatment with 
bisulphite. It was readily characterized by its bisulphite com¬ 
pound, also by its tribromide melting at 121 to 122°. From 
fraction 210 to 215° these two derivatives could not be obtained. 
This fraction was alcoholic in nature as shown by acetylation 
and subsequent saponification. Careful oxidation -with chromic 
acid mixture converted it almost quantitatively into thujone, thus 
proving the presence of thujyi (tanacetyl) aicohoi. 

In a still higher fraction, 260 to 280°, which was obtained 
in relatively large amount, the presence of cadinene was demom 
strated by the formation of its hydrochloride melting at 117 to 118 , 

‘) C. R. A. Wright (Pharmaceutical |ourn. 111. 5 [1874], 233) found two 
Jiydrocarbons in the oil, one of which boiled at 150°, the other between 170 
to. 180°. 1. W. Bruhl (Berl. Berichte 31 [1888], 1,56) is of the opinion that the 
physical properties of the terpene boiling around. 160° and mentioned by 
Gladstone indicate </-pinene. 



644 


Family: Composite. 


Finally, the amount of thujylalcohol and thuj'ylacetate in the 
original oil was ascertained by quantitative saponification of the 
original as well as the acetylated oil: 17.6 p.c. of thujylacetate 
(corresponding to 13.9 p.c. thujyl alcohol) and a total of 24.2 p.c. 
of thujylalcohol (free and as ester) were ascertained. 

According to this investigation wormwood oil is composed 
of 1. thujone, CjoH„0; 2. thujylalcohol, C,oH,nO, free as well 
as ester of acetic, isova/er/c and palmitic acids; 3. phellandrene 
and possibly pinene; 4. cadinene; 5. a blue traction the com¬ 
position of which has not been definitely determined. 

According to 0. Wallach') the thujone of wormwood oil is 
for the most part dextrorotatory ^-thujone as revealed by the 
melting point of the semicarbazone characteristic of this form. 
In addition there is present a small amount of a second thujone, 
for upon crystallization of the crude semicarbazones low melting 
fractions with much lower optical rotation were obtained. 

In a Spanish wormwood oil F. Elze'*) found neroL 

In an Italian oil V. Paolini and R. Lomonaco*) found besides 
«- and /i-thujone, an isomeric thujylalcohol which they designate 
6-thujylalcohol. It is the same which Paolini and B. Divizia^) 
had previously obtained among the reduction products of French 
wormwood oil. 

Since the oil of wild wormwood is laevogyrate, it possibly 
contains u-thujone. Comp, under Properties p. 641. 

Whether formic and salicylic acids, which were found by 
R. C. Roark®) in the saponification liquid of a Wisconsin oil, are 
normal constituents cannot be determined until their presence 
has been shown in oils of undoubted purity. 

Examination. Turpentine oil is the principal adulterant. 
However, since wormwood oil contains but little terpene, its 
presence is readily detectable. The first 10 p.c. distilled from 


') Liebig’s Annalen 336 (1904), 268. 

*) Chem. Ztg. 34 (1910), 857. 

’) Atti R. Accad. dei Lincei, Rome (5) 23 (1914), II. 123; Chem. Zentralbl. 
1915, I. 607. 

*) Atti R. Accad. dei Lincei, Rome (5) 21 (1912), 1. 570; Chem. Zentralbl. 
■1912, II. 256. 

'■■) Midi. Driigg. and pharm. Review 45 (1911), 237; Report of Schimmel 
Co. October 1911, 101. 
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oil of wormwood should yield a clear solution with 2 parts of 
80 p.c. alcohol. 

In this manner L. F. Kebler^) detected turpentine oil in four 
out of eight samples, apparently of American origin. In some 
of the samples its presence could be detected by the odor. 

911. Oil of Artemisia arborescens. 

From the dry herb of Artemisia arborescens, L., which 
shrub-like plant is common in the Mediterranean countries, 
Schimmel 8i Co.-) obtained 0.62 p.c. of a deep blue oil with ari 
odor equal to that of^French wormwood oil. d„,,0.9458; A.V. 9.8; 
E.V. 19.5; soluble in about 10 vol. of 80 p.c. alcohol. 

T. jona») found 13.94 p.c. alcohols C,„Hi,0, free and as 
ester, of which borneoi (m.p. 203 to 205"; b.p. 212°) and thuiy! 
alcohol (b.p.211 to 212"; oxidation to thujone) were identified. In 
addition the oil contained 13 p.c. [t-thujone, \ 76.02", which 
boiled at 200 to 202° and yielded a tribromide melting at 122°. The 
saponification liquid contained a mixture of fatty acids, presumably 
lormic, acetic, isovaleric, pelargonic, palmitic and stearic acids. 

912. Oil of Artemisia vulgaris. 

German “Beifussol”. 

Artemisia vulgaris, L., which is a common weed along hedges 
and roadsides, contains volatile oil in all its parts. From the 
*root 0.1 p.c., from the herb 0.026*) to 0.2 p.c. were obtained. 

The root oil is greenish-yellow, butyraceous, crystalline''). 
It has a disagreeable bitter taste, burning at first, then cooling. 

The odor of the oil from the herb is but little characteristic, 
djj. 0.907. According to an observation made in the laboratory 
of Schimmel S( Co. it contains cineoL 

For herb oil H. Haensel*) found d^,. 0.9279. The addition of 
90p.c. alcohol caused the separation of colorless lamin® (paraffin?). 
Ammoniacal silver solution produced a decided aldehyde reaction. 

*) Americ. )oum. Pharrti. 74 (1902), 142. 

'■*) Report of Schimmel S Co. November 1908, 136. 

^ Ann. Chimica appl. 1 (1914), II. 63. 

‘) Chem. Zentralbl. 1908, II. 1436. 

“) Bretz and Elleson, Taschenbuch fur Chemlker und Apotheker 1826, 61. 
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Japanese Yomugi Oil. , 

Schimmel § Co.') have examined two samples of Japanese 
yomugi oil*=): di..0.9101 and 0.9126; «i,—13°16' and—18"50': 
nj,j„J .47763 and 1.48547; A. V. 1.56 and 1.32; E.V. 29.81 and 
16.19; with 90 p.c. alcohol it does not yield a clear solution. 
The oil contains cineo! (iodol derivative) and probably thvjone. 

Chinese Ngai Yau Oil. 

An oil that was sent from Hongkong to the Imperial Institute 
in London under the name of Ngai Yau was probably derived 
from Artemisia vulgaris, L., dj,, 0.9390; S. V. 103.3; S. V. after 
acetylation 205.87-’). 

This Chinese oil is used principally in medicine. Internally 
it is administered by adding it in drop doses to tea for colds 
and like affections, externally it is applied as liniment in rheu¬ 
matism and similar diseases. The Chinese sell the oil in small 
bottles as a patent medicine. The wholesale price was g 400.— 
per picul, that is about g 1.45 in gold per pound'). i 

Indian Wormwood Oil 

The Indian Museum in Calcutta sent an oil labled "Indian 
wormwood oil” to Schimmel 8) Cgi«'')twhich had been distilled in 
Lebong, Darjeeling district (Bengal) from the herb {Artemisia 
vulgaris, L., A. indica, Willd.). It had a yellow color with a 
greenish fluorescence and its odor reminded of sage. djr,.0.9219; 
«j,-8'’52'; ni,.,„., 1.46201; A.V. 1.2; E.V.22.1; E.V. after acety¬ 
lation 55.5; soluble in li vol. of 80 p.c. alcohol, the addition of 
more than 5 volumes causing opalescence and, upon standing, 
the separation of crystals of paraffin. With the aid of semi- 
carbazide u-thujone could be separated from the oil, the semi- 
carbazide melting at 186°, its -1-64.4° (in alcoholic solution). 
The thujone regenerated from the semicarbazone with phthalic 
acid anhydride was, strange to note, optically inactive. The 

*) Report of Schimmel 8) Co. October W03, 78; April 1904, 78. 

*) According to ). |. Rein (japan, nach geisen mtd Studien, Leipzig 1886, 
11. p. 160) “Yomogi" is the japanese designation for Artemisia vulgaris. 

») Bull. Imp. Inst. 11 (1913), 436. 

*) Daily Cons, and Trade Rep., Washington 17 (1914), No. 56, p. 906. 

*) Report of Schimmel 8; Co. April 1918, 28. 
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odor of the oil renders the presence of borneol probable, however, 
the amount of material was- insufficient to establish its presence. 

An oil sent, to the Botanical Institute in Buitenzorg which 
had been distilled from plants growing wild in the Tengger 
mountains, eastern Java, is supposed to have been obtained 
from Artemisia indica (without author)*). Although the optical 
rotation was opposite to that of the oil described above, it must 
be assumed that the oil was distilled from A. indica, Willd. — 
A- vulgaris, L. d^,;0.949; S.V. 99; E.V. after acetyla¬ 

tion 228. The yield from dry leaves was 0.28 p.c. of oil. From 
the acetylation value a thujyl alcohol content of 62.7 p.c. was 
erroneously computed, whereas it corresponds to one of 75.6 p.c. 
Upon distillation about 18 p.c. went over between 170 and 190°, 
about 19 p.c. between 190 and 215° and about 52 p.c. between 
215 and 300°, the residue amounting to about II p.c. The 
presence of thujone could not be established. 

Schimmel 8; Co.-) have described two oils from the same 
source and of like origin, 

1. Oil from younger plaints; golden-yellow; d^. 0.9573; 
tt„+55°54'; A.V. 6.7; E.V. 121.6; soluble in 1 vol. and more 
of 80 p.c. alcohol, opalescence resulting from the addition of 
10 vol. of solvent. 

2. Oil from old plants; brownish-yellow; djj. 0,9595; 

38’40'; A.V. 5.0; E.V. 138.7; soluble in 1vol. of 80p.c. alcohol, 

the addition of more than .2 vol. of solvent causing turbidity. 
Attempts to acetylate the oils were without result, for when the oil 
was boiled with acetic acid anhydride it was partially decomposed. 

913. Oil of Artemisia gallica. 

According to E. Heckel and F. Schlagdenhauffen’’), Artemisia 
gallica, Wind., which is widely distributed in France, contains, 
in addition to santonin, about 1 p.c. of volatile oil, in the pro¬ 
duction of which small amounts of a crystalline substafice 
(camphor?) is simultaneously obtained. As to the properties of 
the oil nothing is known. 


*) laarb. dep. Undb. in Ned.-Indie 1908, 44. Batavia 1907. 
‘) Report of Schimmel h Co. Movember 1908, 140. 

») Compt. rend. 100 (1885), 804. 
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914. Oil of Artemisia Barrelieri. 

The oil distilled from the flowering plant of Artemisia 
Barrelieri, Bess, finds medicinal application in Spain in colics 
and hysterical and epileptic attacks. It is also said to be used 
in the manufacture of Algerian absinth. 

The odor is agreeable, strongly aromatic and reminds much 
of tansy^). d^, 0.923. It boils between 180 and 210' and consists 
almost entirely of thujone'^), a fact that explains its similarity 
with wormwood and tansy oils. The oil would be suited very 
much for the production of pure thujone provided it could be 
had in larger amounts. 

As shown by 0. Wallach“), the thujone was a mixture of 
the n- and .^-varieties. 

915. Oil of Artemisia glacialis. 

The dried herb of Artemisia glacialis, L., Ger. Aipenbeifuss, 
known in commerce as Genepi des Aipes*), Ger. Genepikraut, 
yields upon distillation 0.15 to 0.3 p.c. of volatile oil of strongly 
aromatic odor. d.,„., 0.964. It boils between 195 and 310". In¬ 
asmuch as it contains a fatty acid that melts at 16“, the oil 
congeals at 0° to a butyraceous mass"). 

916. Oil of Artemisia Herba-alba. 

From the fresh non-flowering herb of Artemisia Herba-alba, 
Asso, a plant that is widely distributed in Algeria and is used 
as a favorite remedy, E. Grimal") obtained, by means of water 
distillation, a greenish-yellow oil of exceedingly pleasant odor. 
150 kg. of herb yielded 450 g. of oil, hence about 0.3 p.c. The 
oil examined by him in the laboratory of Schimmel 8( Co. had 
the following properties: d,r,. 0.9456; n„ 2 „. 1.47274; —15"38'; 

• ’) Bericht von Schimmel Si Co. October 1889, 53. 

*) Report of Schimmel 6 Co. October 1894, 56. 

») Liebig’s Annalen .330 (1904), 269. 

*) Achillea moschata, L. was formerly official as "herha Genippi ve! 
Geneppi verf, "Geneppikrauf is also used to designate Achillea nana, L. 
and A. atrata, L. 

") Bericht von Schimmel S Co. April 1889, 43. 

«) Bull. Soc. chim. ni. 81 (1904), 694. 



Chieh OtL. 


649 


corresponding to 31.23 p.c. ester 
CH^COOC^oHj, or 24,54 p.c. alcohol E.V. after acetyla¬ 

tion 135.38. Deducting the amount of alcohol that occurs as 
ester, this amounts to 12.69 p.c. of free alcohol. 

The oil is readily soluble in 2 to 2.5 parts of 70 p.c. alcohol. 
Cooled to —12 it did not congeal. Distillation in vacuum 
yielded fractions in which the presence of Vcamphene, cineo! 
and camphor was proven. Treated with phthalic acid anhydride, 
the higher fractions yielded a small amount of an alcohol not 
farther examined. From the saponification liquor, sulphuric acid 
separated a mixture of fatty acids which, judging from the ana¬ 
lysis of the silver salt, contained capn'nic or caprylic acid 

917. Chieh Oil. 

From Egypt Schimmel 8| Co.’) obtained an herb to be exa¬ 
mined for its volatile oil. It is there known as Chieh and occurs 
in the limestone plateaus of Egypt, Tripolis and presumably also 
in Arabia. The plant is said to be fully developed in March and 
thrives especially well in wet seasons. The infusion of the herb 
is used medicinally as emollient and diuretic. Professor Meckel, 
of Marseilles, who made a botanical examination of the material 
communicated, with reservation, that it was probably the herb 
of Artemisia Herba-alba. This opinion was substantiated by 
Dr. Giessler, custodian of the Botanical Institute of the University 
of Leipzig, who ascertained that it was a variety of the above- 
mentioned species, namely A. Herba-alba var. densiflora. Bois. 
* Steam distillation yielded 1.6 p.c. of a yellowish oil, with a 
distinct odor of thujone, the examination of which yielded the 
following results: d„.0.9192: «i,-5°20'; npj„J.45611; A.V.1.5; 
E. V. 11.0; E. V. after acetylation 40.7; soluble in 2.6 vol. and 
more of 70 p.c. alcohol. From the low ester and acetylation 
values it became apparent that the oil contains only small amounts 
of saponifiable and alcoholic constituents. 

From a second lot of herb”) only 0.58 p.c. of oil were obtained 
which did not differ appreciably from the first. It was brownish- 
yellow in color and remarkable because of its pungent odor. 


’) Report of Schimmel 5 Co. April 98. 
/bidem October 1909, 25. 



PAMfLY: COMPOSim 


oau 

which was not so evident in the earlier oil. The thujone' or 
sage-like odor became apparent Only after a time. The principal, 
difference, however, lay in the reversed angle of rotation. The 
new oil was dextrogyrate, the earlier oil tevogyrate, moreover, 
the second contained more alcoholic constituents. All of these 
differences possibly find an explanation in the fact that the first 
oil was distilled from flowering herb, whereas in the second case 
■ the flowers were scarcely developed. The new oil had the follow¬ 
ing constants: d,„,0.8994; «i, + 14”5': nu,„J.46684: A. V. 4.6; 
E. V. 35.0; E. V. after acetylation 163.3; soluble in 1.8 vol. and. 
more of 70 p. c. alcohol with separation of paraffin. 

918. Oil of Artemisia annua. 

From home-grown, green herb of Artemisia annua, L., 
Schimmej S Co.’) obtained 0.29 p.c. of a lemon-yellow oil with 
an agreeable, refreshing odor that reminded distinctly of basilicum. 
d,,.0.8912; 18'; A. V. 3.8; E. V. 19.2; E. V. after acetyla¬ 

tion 44.5; the oil was soluble in 1 to 1.5 vol. of 80 p.c. alcohol, 
the addition of more solvent causing opalescence turbidity 
because of the abundant separation of paraffin. 

919. Oil of Artemisia frigida. 

From the fresh Artemisia frigida, Willd., collected in South 
Dakota, where it is known as wild sage, F. .Rabak'^) distilled 
0.41 p.c. of a greenish oil of cineol-like odor, d,j2.0.927; 24°48'; 

A.V. 1.2; E.V. 31.8; S. V. 33.0. The dried herb upon distillation 
yielc^ only 0.07 p.c. of oil of a dark color; di,,0.930; A.V. 4.7; 
E*V. 40; S.V. 44.7. 

Later the same investigator’) described three additional 
oils, d 0.927 to 0.933; — 23° 40' to — 25° 10'; A. V. 1.2 to 3.0; 

E. V. 31.8 to 45.0; E.V. after acetylation 139 and 143. With 
0.5 vol. and more of 90 p.c. alcohol the oils yielded a clear 
solution. They had a decided odor of cineof, the presence of 
which was proven qualitatively by the phosphoric acid reaction. 

*) Report of Schimmel & Co. April 1905, 85. 

•) Pharin. Review 28 (1905), 128, 

’) fd/Vem 24 (1906), 324. 
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Another oil which was investigated chemically by Rabak*) 
was of the same origin as the preceding ones and had 
been obtained with a yield of 0.26 p. c. d,^^.0.940; «j, — 24.2°; 
nj,j 4 .1.4716; soluble in 1vol. of 80 p.c. alcohol; A. V. 2.5; 
E.V. 25; E. V. after acetylation 139. From the oil there'separated 
upon standing 3 p.c. of \-borneol (m. p. 203°; [«]j,--32°). Of 
free acids presumably caprylic acid and (snanthic acid were 
present; as esters venanthic and valeric, also traces of formic 
and undecylic acids. Other constituents are cineoi 18 to 20 p.c. 
(m. p. of iodol compound 110 to 113°) and \-fenchone 8 to 
10 p.c. (m. p. of oxime 164 to 165°). Of borneol there is 
present a total of 43 p. c. of which 35.6 p. c. is free borneol 
and 6.8 p..c. as oenanthic ester. 

920. Oil of Artemisia Ludoviciana. 

Artemisia Ludoviciana, Nutt., also from South Dakota, 
was likewise distilled by F. Rabak'^). The fresh herb yielded 
0.38 p.c. of a greenish-yellow oil of strongly aromatic odor: 
d..,,.0.929; 16°14'; A.V. 4; E.V. 10. Three other oils 

had the following properties: d0.929 to 0.931; - 13°32' to 

—17°20'; A.V. 0 to 4.3; E.V. 10 to 26; E.V. after acetyla¬ 
tion 116 (one determination). The oil was soluble in 0.5 vol. 
and more of 90 p. c. alcohol and yielded a cineOl reaction 
with phosphoric acid. 

921. Oil of Artemisia caudata. 

As in the two previous instances, the material used in the 
distillation of the oil of Artemisia caudata, Michx. was collected 
in South Dakota by'F. Rabak'). The fresh herb yielded 0.24 p.c. 
of a yellow oil with a sweetish odor that suggests the presence 
of methyl chavicol or anethol. d,.,.0.920; !2°30; A. V. 0; 

E. V. 17.0. The constants of three additional oils were determined 
later*): d0.8418 to 0.920; inactive to—24°i0'; A. V.0to20; 
E. V. 17 tp 73. 

*) U. S. Dep. of Agriculture, Bureau of Plant Industry, Bull. No. 235, p.21. 

*) Pharm. Review 33 (1905), 128. 

») Ibidem 34 (1906), 324. 
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922. Oil of Artemisia biennis. 

From the wilted herb of North American Artemisia biennis, 
Wind., which had almost passed the flowering stage, F. Rabak ‘) 
obtained 0.03 p.c. of a dark red-brown oil with a sweetish odor 
and taste: d,,5.0.893: [ 4 ,+ 4.39°; nn„„J.5181; A.V.O; E.V.16- 
5.6 p.c. ester C,„H,,COXH 5 ; E. V. after acetylation 60 = 17.28 p.c. 
alcohol C,„HisO. With 4 vol. and more of 95 p.c. alcohol it 
yielded a turbid solution. The oil possibly contains methyl 
chavicol. 

923. Oil of Artemisia serrata. 

Artemisia serrata, Nutt, is also a North American plant. 
From the fresh, flowering herb Rabak*) obtained 0.3 p.c. of reddish- 
brown oil with an exceedingly bitter taste: d.^^.0.913; a„ + 6 . 8 ”; 
nj, 3 „. 1.4602; A. V. 1.6; E. V. 10 = 3.5 p.c. ester Ci„FI,XO..CH,i; 
E. V. after acetylation 43= 12.2 p.c. alcohol soluble 

in */! vol. of 80 p.c. alcohol. Presumably the oil contains thujone. 

924. Oil of Artemisia variabilis. 

An oil that had been distilled from the flowering herb of 
Artemisia variabilis. Ten. in Reggio, Calabria, was examined by 
Schimmel 8 ( Co.*). It was of brown color and its oder reminded 
of that of ^etitgrain oil. d,B.0.9115; Uj, — 9" 20'. Of free acid 
but little was present (A. V. 1.7), the amounts of ester (E. V. 15.5) 
and of alcohol (E. V. after acetylation 49.1) were also small. In 
alcohol the oil was but imperfectly soluble, even in absolute 
alcohol, the solution which was clear at first, became turbid 
upon the addition of 10 to 12 vol. 

' 925. Oil of Artemisia cana. 

Interesting because of its content of Vcamphor is the oil 
distilled by Th. Whittelsey*) with a yield of 1.2 p.c. from the 
fresh branches and leaves of an Artemisia species, probably 
A. cana, Pursh. Ihe strongly aromatic plant, which is indigenous 
to western North America, yields an oil with the following 

‘) Midland Drugg. and pharm. Review 45 (1911), 283. 

•) Report of Schimmel S Co. April 1902, 77. 

•) Wallach-Festschrift (GSttingen 1909, Vanttenhoeck 8i Ruprecht) 668. 
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properties: di,.0.9405; 19.09°; 1.4702; A.V.4.1 to 4.2; 

S. V. 22.7 to 23.9; S. V. after acetylation 110.3 to 111.8. By' 
distillation it was resolved into three fractions: 1. 185 to 191”; 
II. 191 to 197°; 111. 197 to 203°. Fraction III consisted for the 
most part of \-camphor (m. p. 174 to 175”; m. p. of oxime 119 
to 120”). Camphor separates even from the original oil when 
exposed to the temperature of a freezing mixture. As deter¬ 
mined by means of its semicarbazone (m.p. 235 to 236°) camphor 
is present to the extent of at least 44.5 p.c. 

926. Oil of Artemisia lavandulaefolia. 

In the Botanical Institute at Buitenzorg there has been exa¬ 
mined the oil of a plant growing wild in the Tengger Mts., Java, 
which was said to have been derived from Artemisia iavandulm- 
folia'). According to a later communication -), however, it seems 
doubtful as to whether the oil was obtained from this plant, 
d.,,.0.924; ((„ —7°32'; upon cooling the oil solidified for the most 
part. The solid substance, which likewise separates upon the 
addition of petroleum ether, melts at 32.5 to 33”, contains a 
methoxy group, takes up three molecules of bromine and pro¬ 
bably has the composition C,.,H„0.,. Heated with potassium 
hydroxide for two hours, two molecules of alkali were consumed. 
Thereupon the reaction mixture was distilled with steam. A sub¬ 
stance having the odor of amyl acetate, possibly methyl heptenone, 
passed over. With iodine and potassium hydroxide the distillate 
gave a strong iodoform test. After acidification, /7-butyric acid 
distilled over. The solid substance is probably the methyl ester 
of a decomposible acid. 

927. Oil of Artemisia coerulescens. 

Artemisia cxerulescens, L. grows along the Mediterranean 
and Atlantic coasts. It yields the Erba t^anta Maria of which 
Schimmel b, Co.'’) obtained a sample from Turin. They obtained 
0.24 p.c. of an oil the odor of which bore a certain resemblance 
to that of hyssop oil but at the same time reminded somewhat 

') laarb. 4ep. Landb. in Ned.-Indie, Batavia 1907, 66. 

*) Ibidem 1010, 45. 

Report of Schimmel Co. October 1011, 104. 



"" 654’ ■ PAMibY: Composite. ' = 

of ambra. At room temperature it congealed to a buownish, 
butyraceous mass permeated with crystals. This mass did 
not melt to a light brownish liquid until heated to 35 to 40°. 
dijcO.9179; «j, —5°50'; A.V. 11.3; E.V, 42.0; insoluble in SOp.c. 
alcohol; soluble in all proportions of 90 p.c. alcohol with the 
separation of a solid substance. Upon recrystallization from 
alcohol, the isolated crystals were obtained as white, odorless 
needles that melted at 108°. They have not been investigated 
as to their chemical nature. 

928. Oil of Petasites officinalis. 

The fresh root of Petasites officinalis, Moench, Ger. Pest- 
wurz, yields, upon distillation, 0.1 p.c. of a volatile oil that does 
not yield a clear solution with even 10 vol. of 90 p.c. alcohol. 
d„. 0.944; a„ + 2°18'‘). 

929. Fireweed Oil. 

Erechthites hieracifofia, Raf. occurs frequently on burnt- 
over areas of North America from Canada to Louisiana and 
Nebraska^). Hence it is known as fireweed. However, the same 
designation applies to at least six different wild plants, hence. 
a pure fireweed oil from Erechthites is rarely to be found in 
commerce*). 

According to A. M. Todd*) the oil has a specific gravity of 
0.845 to 0.855, according to F. B. Power*) 0.838 at 18.5°. It is 
either dextrogyrate or laevogyrate, «j, —2 to -|-2°*), according 
to Todd up to -f 4°. 

According to F. Beilstein and E. Wiegand") the bulk of the 
oil consists of a terpene that boils at 175°, has a specific gravity 
Pf 0.838 at 18.5°, and absorbs one molecule of hydrogen chloride, 
.without separating a crystalline compound. Fraction 240 to 310° 
likewise corresponds to the formula CjjHij. 


‘) Observation made in the Laboratory of Schimmel Co. 

•) A. Henkel, U. S. Department of Agriculture, Bureau of Plant Industry, 
Bull. Mo. 219, p.«. 

*) L. F. Kebler and G. R. Pancoast, Americ. )oum. Pharm. 75 (1903), 216. 
*) Ibidem 69 (1887), 302. 

*) Pharm. Rundsch. (New York) f> (1887), 201. 

•) Berl. Berichte 15 (1882), 2854. 



Arnica Root Oil. 655 

Acaording to Power the fractions above 190° are to be 
regarded merely as polymerization products that have resulted 
from boiling. 

930. Oil of Arnica Flowers. 

Origin. Upon distillation, the flowers of Arnica montana, L. 
yield but a very small amount, 0.04 to 0.07 p. c. of volatile oil. 

Properties. The oil of arnica flowers has a reddish-yellow ■ 
to brown color and a strong, aromatic odor and taste. At middle 
temperatures it commonly constitutes a butyraceous mass which 
melts between 20 and 30° to a brownish liquid. d,,,„. 0.8905 to 
0.9029; A.V. 62.6 to 127.3; E.V. 22.7 to 32.2. 

In alcohol the oil is very difficultly soluble. Even the 
solutions in absolute alcohol are clear only in the beginning‘). 

Composition. The oil itself has not been examined thus far. 
In the petroleum ether extract of the flowers B. Borner^) found 
lauric and palmitic acids, also' hydrocarbons of the paraffin 
series, inasmuch as all three substances are volatile with water 
vapor they must be contained in the oil. Unquestionably they 
are the cause of the congealing of the oil. Schimmel 8j Co. 
isolated from the oil an acid melting at 61". 

According to the investigations of Klobb, Gamier and Ehr- 
wein*), arnica flowers contain a paraffin that melts at 62°, 
which presumably is contained in the oil. 

931. Arnica Root Oil. 

Origin and Production. From the recently dried root of 
Arnica montana, L. 0.5 to 1.5 p.c. of oil are obtained. At first 
it is light yellow in color but darkens with age. Its odor reminds 
of radish, and its taste is pungent and aromatic, d^. 0.982 to • 
1.00; Bp-f 0°25' to —2°; npj„. 1.507 to 1.508; A.V. 4 to 10; 

■ E.V. 60 to 100; soluble in 7 to 12 vol. of 80 p.c. alcohol and 
in-0.5 to 6 vol. of 90 p.c. alcohol, in both cases the solutions 
are turbid at times*). 


’) Report pf Schimmel S Co. April 1913, 28. 
•) Inaug.-Dissertation. Erlangen 1892. 

') Eiull. Soc. chiffi. IV. 1 (1910), 940. 
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Composition. Arnica root oil was first investigated by 
G. F. Walz‘) who stated that the bulk of the oil consisted of 
capronic acid hexyl ester, C,„Ho 4 0„, and that the aqueous 
distillate contained capronic and caprylic acids. Very different 
were the results obtained by 0. Sigel*). in the aqueous distillate 
he found \%obutyric acid, also very little formic acid and a small 
amount of an acid the silver salt of which yielded results corres¬ 
ponding with angelic or valeric acids. 

The oil distilled with decomposition between 214 and 263° 
and left a brown, resinous residue. 

For the purpose of examining individual constituents, the 
oil was saponified with alcoholic potassa. 'From the alkaline 
solution neutralization with dilute sulphuric acid separated a 
phenol that boiled between 224 and 225" and had a specific 
gravity of 1.015 at 12". Its analysis agreed with the formula 
CsFlj,|0 and Sigel declared it to be phiorol (ethyl phenol) without, 
however, supplying further proof for this assumption. The 
ethyl ether of this phenol is a colorless liquid of agreeably 
aromatic odor, specific gravity 0.9323 at 18" and boils at 215 
to 217°. 

The alkaline saponification liquid contained, in addition to 
this phenol, /sobutyric acid. This renders it probable that the 
original oil contains phiorol isobutyric ester. 

The oil separated with water from the alcoholic potassa 
solution boiled between 224 and 245° and upon oxidation with 
chromic acid, yielded thymoquinone, Heated with 

hydrogen iodide in a sealed tube, there were obtained methyl 
iodide, thymohydroquinone, CjoH^Oj, also a phenol boiling at 
225 to 226° and of the composition of a phiorol, This 

leads to the conclusion that the oil contains thymohydroquinone 
dimethyl ether and phiorol methyl ether. 

According to Sigel’s investigations arnica root oil consists 
of one-fifth of the hobutyric acid phloryl ester, the remaining 
four-fifths consisting of the methyl ether of thymohydroquinone 
with small amounts of the methyl ether of phiorol. 

*) Neues |ahrbuch der Pharmacie 15 (1861), 329. — Arch, der Pharm. 
158 (1861), 1. — Jahresber. d. Chem. 1861, 752. , ' 

“) Liebig’s Annalen 170 (1873), 345. 
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I. Kondakov^) isolated from the oil an unsaturated hydro¬ 
carbon boiling at 176 to 180°, a solid substance melting at 69° 
and a sulphur-containing substance. The presence of /sobutyryl 
phlorol and dimethyl-thymohydroquinone found by SigeP), was 
verified by him. 


932. Oil of Carlina acaulis. 

Origin and Production. The root of Carlina acaulis, L., Ger. 
Eberwurz, yields upon distillation’) 1.5 to 2.1 p.c. of a light to 
dark brown oil with a narcotic, odor reminding somewhat of 
Feenum grsBCum. dj,. 1.032 to 1.037; «„~3°30' to —7° 5'; 
nn 2 «. 1.5567 to 1.5696; A.V. 2.5; .E. V. 4,3; E.V. after acetylation 
13.1 (one determination in each case); soluble in 4 vol. of 90 p.c. 
alcohol. Occasionally the oil separates crystalline laminae’) of 
palmitic acid in the cold. 

Composition. As shown by F. W. Semmler’) carlina oil con¬ 
tains 12 to 15 p.c. of a monocyclic sesquiterpene which he 
named carlinene: dj„„.0.8733; nj, 1.492; b.p. 250 to 253° (760 mm.), 
139 to 141° (20 mm.). 

From the high boiling portions of the oil, palmitic acid, 
b. p. 62°, separated. 

The principal constituent of carlina oil is carlina oxide 
jjHjjO (b.p. 167 to 168° under 20 mm. pressure: d’’:. 1.066; 
p 1.586; an + 0°). Oxidized with potassium permanganate it 
ielded a large amount of benzoic acid. Reduction with sodium 
nd alcohol produced its tetrahydroderivative CuHnO, which 
pon oxidation with potassium permanganate yielded y-phenyl- 
utyricacid CACH^CH.-CH^-COOH (m.p.52°). In that portion 
f the molecule removed by oxidation Semmler suspected a 
irane ring. Hence the substance CijHnO ought to have been 
-phenyl-3-a-furylpropane:— 

HC — CH 

II II 

C.H. CH, CH, CH« C CH 

^ 0 / 

*) )oum. f. prakt. Chem. II. 19 (1909), 505. 

’) Liebig’s Annalen 170 (1873), 345. 

') Bericht von Schimmel St Co. April 1888, 44. 

*) H. Haensel, Apotheker Ztg. 17 (1907), 275. 

•) Chem. Ztg. 13 (1889), 1158: Berl. Berichte 39 ()906), 726. 

GiLDEMEisteR. The voiathe oils. III. 42 
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A synthesis verified this assumption and proved the identity 
of both substances. The synthesis was affected by condensation 
of acetophenone and furfurol by means of potassa and subsequent 
reduction of the condensation product. 

HC-CH HC—CH 

n II II II 

C„H, CO CH»-|-OHC C CH C.H5 CO CH = CH C CH -► 

'' 0 -'' ''■ 0 ^ 

HC —CH HC-CH 

II II II II 

CeHf, CH(OH) CH, CH. C CH C^Hj• CH,■ CH,• CHa■ C CH. 

'-0 ^ 0 '' 

If the last formula expresses the constitution of tetrahydro- 
carlinaoxide, carlina oxide itself must have one of the following 
formulas: — 

HC-CH HC-CH HC-CH 

II II II II 11 II 

C.Hr,-C:C:C- C CH C.H, C C-C-C CH CsHvC C -C C CH 

H H \/ H, '/ H, ■ 

0 0 0 

In order to decide between these three formulas, F.W.Semmler 
and E. Ascher') tried to synthesize carlina oxide but did not 
succeed. However, they were successful in synthesizing dihydro- 
carlina oxide, the properties of which occupy an intermediate 
position between those of carlina oxide and tetrahydrocarlina oxide. 

Heretofore it was assumed that furfurol in volatile oils owes 
its origin to the decomposition of carbohydrates. Now that it 
has been shown that the principal constituent of carlina oil is 
a furane derivative, Semmler is of the opinion that the older 
view requires modification, at least to the extent that furfurol, 
at least in part, may be derived from compounds of the type 
to which carlina oxide belongs. 

According to J. Gadamer and T. Amenomiya^) the oil contains 
a trace of a phenol that is colored orange by ferric chloride. 

933. Oil of Burdock. 

Arctium lappa, L., Ger. grosse Klette, contains a volatile 
oil in the root as well as in the leaves'"). From the root the 

‘) Berl. Berichte 42 (1909), 2355. 

•) Arch, der Pharm. 241 (1903), 44. 

») H. Haensel, Apotheker Ztg. 18 (1903), 744; 19 (1904), 557. 
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oil was obtained with a yield of 0.065 to 0.176 p.c. It con¬ 
geals at lower temperature. d,.^„ 0.8925; d,,,. 0.8808; d^^, 0.9695; 

1.24°; A.V. 13.5 to 109; S.V. 109'to 236.6. The only 
known constituent is palmitic acid (m.p. 62°; silver salt). 

The dried leaves yield upon distillation 0.0285 p.c. of a dark 
brown oil. d,.„.0.9562; «„ slightly dextrogyrate; A.V. 76; S.V. 91.5. 
It seems also to contain palmitic acid. 

934, Costus Root Oil. 

Origin. Costus root, which is used in perfumery and which 
is characterized by a peculiar odor, is derived from Savssurea 
ijippa, Clarke {Apfotaxis Lappa, Decaisne; A. auricuiata, D.C.; 
Auckiandia Costus, Falconer). It should not be confounded with 
the root of Costus speciosus. Smith, family Scitaminaceae, which 
is odorless and which is used as vegetable being boiled like 
potatoes'). 

Saussurea Lappa is a large, luxuriant, herbaceous plant, 
which is indigenous to the northern Himalayas, where it occurs 
at altitudes of from 7000 to 13000 feet. The root is fully developed 
in fall and is collected in September and October. In Cashmere 
as many as two million pounds are said to be collected annually. 
They are used principally to protect the shawls made in Cashmere 
against insects-). Large quantities are exported to China where, 
under the name of putchuk, it is used in fumigation"). Upon- 
distillation costus root yields 0.3 to 1 p.c. of volatile oil, in one 
instance a yield of 2.78 p.c. has been recorded■'). 

Properties. The oil of costus root is viscid, and of a light 
yellow to brown color®). The odor at first suggests elecampane®)', 
but later an agreeable violet-like odor becomes apparent. The 
oil from old roots is sometimes possessed of a disagreeable goat 
odor. dij,0.940 to 1.009; 13 to -f 26°; A.V.8 to 24; E.V.55 

*) D. Hooper, The Agricultural Ledger 1900, No. 2, p. 69 

’) Sawer, Odorographia. 1892. Vol. I. p. 109. 

*) Fluckiger, Pharmakognosie. HI. ed., 1891, p. 481. Guibourt, Histoire 
des drogues simples. 1869. Vol. 3, p. 25. - G. Watt, The commercial products 
of India. London 1908, p. 980. 

*) D. Hooper, Board of scientific advice for India 1911 to 1912, 31. 

®) Report of Schimmel S Co. April 1890, 20. 

*) Even during antiquity elecampane was used to adulterate costus. 

42* 
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to 110; S.V. 67 to 115; E.V. after acetylation 105 to 162; soluble 
in 90 p.c. alcohol, at first the solution is clear, but upon 
addition of about 2 vol. of solvent opalescence and even turbidity 
(paraffin) results, which is observable with larger amounts of 
95 p.c. alcohol. 

Two oils from roots obtained from the Punjab were semir 
solid to solid at ordinary temperature and were permeated with 
crystals of naphthalene (see under Composition) i). 

Composition. The oii has been carefully examined by 
F. W. Semmler and J. Feldstein'*). Its behavior toward sodium 
hydroxide caused them to suspect the presence of a lactone. 
As a matter of fact a lactone was found in fraction 200 to 210° 
(11 mm.) (d„i. 1.0749; Cj,+ 38°; nj, 1.53103). It was purified 
through its hydroxy acid and its methyl ester. The latter, upon 
boiling, again yielded the costus lactone. It has the composition 
CiAA. Spoils at 205 to 211" (13 mm.); d.,,.1.0891; «„ + 28°; 
n„ 1.53043; mol. refr. computed for 65.71, found 65.85. 

Costus lactone is bicyclic with two double bonds. 

Fraction 190 to 200° (11 mm.) (dji. 1.0501; +44°; Oj, 1.52703) 
contained a dicyclic acid CnH., 30 j with two double bonds, which 
was named costus acid and which, after purification by means 
of its silver salt, showed the following properties: b.p. 200 to 
205° (11 mm.); d^j. 1.0508; ao+40°; Oj, 1.51912; mol.refr. com¬ 
puted for Ci^HojOj/j 67.85, found 67.73. Its methyl ester boiled 
at 170 to 175° "(11 mm.). 

The same fraction contained a lactone CijHjaOj which the 
authors named dihydrocostuslactone. The silver salt of the 
corresponding acid was converted into the methyl ester, from 
which distillation in vacuum regenerated dihydrocostuslactone. 
Thus purified it showed the following properties: b.p. 210 to 
213° (19 mm.); d^,. 1.0776; otj,+48°; Oj, 1.52289; mol. refr. com¬ 
puted for CisHjjjO^/" 66.31, found 66.31. This dihydrocostus¬ 
lactone can be obtained from costus acid by heating with 33 p.c. 
sulphuric acid. Upon hydrogenation with platinum-hydrogen, 
both the costuslactone and the dihydrocostuslactone yield the 
same tetrahydrocostuslactbne b.p. 198 to 202° (13 mm.); 


*) Observation made in the Laboratory ol Schimmel 6 Co. 
>) Berl. Berichte 47 (1914), 2433, 2687. 
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1.0451; ttj, +33°; rij, 1.50510; mol. refr.computed for Cj,H.. 40 j' 
66.71, found 66.99. Costuslactone, dihydrocostuslactone and 
costus acid are genetically related: 1. costus acid can be changed 
to dihydrocostuslactone, 2. costuslactone and dihydrocostus¬ 
lactone can be converted into the tetrahydrocostuslactone 
mentioned above. They probably belong to the bicyclic terpene 
type of the sesquiterpene class. Costuslactone is isomeric with 
alantolactone. 

Fraction 175 to 190" (11 mni.)(d.,,, 1.0082 ;«|,-r 33°; n,, 1.51962) 
contained a bicyclic primary sesquiterpene alcohol, C,,,142,0, 
with two double bonds for which the name costo! was proposed. 
It reacts readily with phthalic acid anhydride. Regenerated for 
the acid phthalic ester, it boils at 169 to 171" (11 mm.); 
d.jj, 0.9830; +13°; n„ 1.52000; mol. refr. computed for C,^H,,,0/., 

67,67, found 67.9. Oxidized in glacial acetic acid solution with 
chromic acid, costol is converted into an aldehyde, the semi- 
carbazone of which melts at 217 to 218°. Theoretically this 
aldehyde should have a density of 0.99, in reality its density 
is 0.9541 at 22° (b.p. 164 to 165° under 15 mm. pressure; 
((„ -+-24°; n,j 1.50645), hence it is assumed that a rearrangement 
has taken place in the course of the oxidation. With phosphorus 
trichloride costol yields costylchloride, C, 5 H., 9 CI, b.p. 160 to 165" 
under 13 mm. pressure. Upon reduction with sodium and alcohol this 
chloride is conyerted into the sesquiterpene /socostene; b.p. 130 
to 135° (12 mm.); d.,,. 0.9062; «„+31"; n„ 1.50246; mol. refr. 
computed for Ci5l4,,4/,, 66.15, found 66.37. This /socostene 
appears to be a sesquiterpene of the caryophyllene type with 
two double bonds. Upon reduction of costus acid methyl ester 
with sodium and alcohol costol was obtained. 

Fraction 160to 175°(11 mm.) (d.,,.0.9235; + 14°; nj, 1.49994) 

contained a hydrocarbon CjjHjj (?) to which the name aplo- 
taxene was given. It boiled at 154 to 156° (11 mm.) and showed 
a low density, namely, 0.8604 at 21°. However, it was im¬ 
possible to obtain it absolutely free from oxygenated con¬ 
stituents. Reduction with sodium and alcohol yielded dihydro- 
aplotaxene, C„H,o (b.p. 154 to 157°; d 2 ,. 0.8177), wtiich upon 
reduction with hydrogen and platinum sponge was converted 
into octohydroaplotexene (b.p. 159 to 163° under 11 mm. pres¬ 
sure; d^; 0.7805). The latter .is, no doubt, identical with n-hepta- 
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decane. From this it follows that aplotaxene is an aliphatic 
hydrocarbon with normal chain which contains four double bonds, 
two of which are in conjugated position. 

Fractions 100 to 130° (11 mm.) and 130 to 150° (11 mm.) 
contained two sesquiterpenes, which were designated «- and 
(i-costene. 

«-Costcne boiled between 122 and 126" (12 mm.); d.,,.0.9014; 

12°; Oj, 1.49807; mol.refr. computed for 66.15, 

found 66.37. When hydrated according to Bertram and Walbaum 
an alcohol boiling between 150 and 165" (14.5 mm.) resulted. 

(t(-Costene boiled between 144 and 149° (18 mm.); d.^.^. 0.8728; 
"i, +6°: Op 1.4905; mol.refr. computed for 67,86, found 

67.65. 

Finally fraction 60 to 100° (11 mm.) was examined. It 
contained phellandrene (m.p. of bisnitrosite 106 to 108°), cam- 
phene (conversion into /soborneol), and probably a terpcne 
alcohol C,„Hi,0. 

The percentage composition of costus oil may be ap¬ 
proximated as follows: — 

About 0.4 p.c. camphene, 0.4 p.c. phellandrene, 0.2 p.c. 
terpene alcohol, 6 p.c. ((-costene, 6 p.c. ,^i-costene, 20 p.c. aplo¬ 
taxene, 7 p.c. costol, 15 p.c. dihydrocostuslactone, 11 p.c. costus- 
lactone and 14 p.c. costus acid. 

In two samples of semisolid and solid cogsistencc, which 
D. Hooper had sent from Calcutta, Schimmel 8i Co. showed 
the presence of naphthalene (m.p. 79°; m.p. of picrate 149°). 

935. Oil of Dandelion. 

From the alcoholic extract of dandelion. Taraxacum officinale, 
Web., F. B. Power and H. Browning, )r.‘) obtained traces of 
a dark yellow, volatile oil in which they proved the presence 
of furfuro! by means of a color reaction. 


') loum. Chem. Soc. 101 (1912), 2413. 
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936. Balan Oil. 

As communicated by Schimmel £( Co the volatile oil 
known as balan oil -) is obtained from a small shrub with green 
flowers. Parts of this plant are used by the native Javanese 
as anthelmintic with both man and animals. In certain districts 
it is also used in one form or another as a remedy in nervous 
diseases. The oil .obtained with a yield of 0.05 p.c. is brown 
in color. Its odor reminded somewhat of orange oil and gave 
the following constants: d,..0.9042; nij^^,, 1.47715; A.V. 13.0; 
E.V. 20.5; soluble in 'j-i vol. and more of 90 p.c. alcohol. On 
account of its dark color the optical rotation could not be 
determined with certainty. In all probability the angle is very 
small. With sodium acid sulphite the oil reacted forming a 
solid compound, from which there was regenerated a compound 
having the odor of decylic aldehyde. Its semicarbazone melted 
at 152". The aldehyde was presumably a mixture. 

937. Quipita Wood Oil. 

in Venezuela the name quipita wood is applied to a relatively 
light colored, very dense wo'bd, which enters commerce in 
pieces several meters long and from 5 to 10 cm. thick. The 
thicker .stems have a thin white outer bark, somewhat resembling 
btfch stems, the bark of the younger stems is grayish-brown. 

Upon distillation of the rasped wood Schimmel 8i Co.») ob- 
. tained I p.c. of a light yellow oil the odor of which reminded 
of turpentine oil: d,^.0.934; 34°3r; S.V. 2.9; S.V. after 

acetylation 40.2. This shows that in addition to very small 
amounts of esters alcoholic constituents are likewise present. 

*) Report of Schimmel S Co. April 1911, 123. 

>) According to F. S. A. de Clercq (Nieuw plantkundig Woordenboek voor 
Nederlandsch IndiS, Amsterdam 1909, p. 254) the javanese designate Heritiera 
littoral is. Ait. (Sterculiaceas) as Balang pasisir. 

•) Report of Schimmel S Co. October 189(1, 71. 



938. Oil of False Camphor Wood or Hazamalanga Wood. 

In 1910 Schimtnel Si Co.'^) obtained from Madagascar a wood 
named faux camphrier^), which upon distillation yielded 2 p.c., 
of a volatile oil. The latter contained 75 p.c. of an aldehyde, 
which turned out to be the dextrogyrate form of perilla aldehyde 
(see p. 560). Endeavours to ascertain the botanical origin of 
the wood were unsuccessful at first. Later the firm obtained 
samples of the same wood from other sources. In one instance 
it was named bois de cass, in another hazamalanga wood. The 
source was given as Madagascar where it is used as building 
material proof against termites. Still later other parts of the 
plant were obtained thus enabling Dr. Gie'ssler, custodian at 
the Botanical Institute of the University at Leipzig, to identify 
it as Hernandia peftata, Meissn., family Hernandiacese. 

Properties'^). Four samples of trunk wood yielded between 
1.03 and 2.06 p.c. of oil with the following properties: d,j.0.958 
to 0.963; «i, + 83'’45' to +104^12'; 1.49695 to 1.50111; 

soluble in 2.5 to 4 vol. and more of 70 p. c. alcohol, in one instance 
with slight opalescence. With sodium acid sulphite these and the 
other oils did not react quantitatively, but with neutral sulphite 
they did. Thus between 75 and 80 p.c. of aldehyde was found 
present. The acid value for one oil was 4.4, the ester value 47.1. 

The wood from the roots yielded 0.5 p. c. of oil with the 
following properties: d^^. 0.9667; + 126‘'15'; n„„„. 1.50383; alde¬ 

hyde content (sulphite method) 92.5 p.c.; soluble in 2.5 vol. and 
more of 70 p. c. alcohol. 

The oil obtained with a yield of 0.5 p. c. from the entire frui^ 
had the following properties: dj,.0.9528; 50° 16'; n^j^o 1.49554 

aldehyde content (sulphite method) 49 p.c.; soluble in 0.3 vol. anc 
more of 90 p.c. alcohol, of 80 p.c. alcohol 10 vol. were insufficient 

Much more oil was contained in the almond-like seeds, namelj 
1.38 p.c.; d„. 1.0044; «!, + 87°; n„«,. 1.50614; A.V. 7.3; E.V. 110.4 
not completely soluble in 10 vol. of 70 p.c. alcohol; soluble ir 
'0.5 vol. of 80 p.c. alcohol, more alcohol causing opalescence 
The aldehyde content was high but could not be determined foi 
want of sufficient material. 

') Report of Schimmel S Co. October 1910, 146. 

/6«/e/n April 1915, 51. 



Oil OF Fai^e Camphor Wood OR HazamaLa^ioa Wood. 

All of the oils were of a pale to dark yellow color and with 
the exception of the oil from the entire fruit, had the characteristic 
odor of perilla aldehyde. 

Composition. F. W. Semmler and B. Zaar'), to whom the oil 
from the wood was submitted, found that the aldehyde contained 
in the oil is identical with &-perilla aldehyde. This was demon¬ 
strated by its conversion into cf-limonene, by the preparation of 
its oxime and the oxidation to perillic acid. The j/-perilla alde¬ 
hyde, isolated by means of the bisulphite compound, showed the 
following properties: b. p. 99 to 104" (9 mm.) d,0.965 ; fnl,, -f 135.6'’: 
njj 1.50803. 

Besides t/-pertlla aldehyde the oil contains myrtenal, an 
aldehyde which F. W. Semmler and K. Bartelt'O had prepared by 
the oxidation of myrtenoi and concerning the occurrence of which 
in volatile oils nothing had been known. For the purpose of 
isolating the myrtenal, the oil was shaken with neutral sodium 
sulphite solution. From the sulphite solution made alkaline, the 
aldehyde was distilled over with steam, in which operation the 
perilla aldehyde remained in solution. The purified myrtenal had 
the following properties: b. p. 89 to 92" (II mm.), d,„.0.9859; 
Md -F 1'3.6‘’; n„ 1.50618. The semicarbazone melted at 230 ”. From 
the myrtenaloxime (b, p. 125 to 128" under 9 mm. pressure; 
d.j,. 1.0292; [«]„4 42°; 0^,1.53803) the authors prepared myrtenal- 
nitrile which, upon saponification, yielded myrtenic acid; m.p. 54°, 
b.p. 149 to 152° (9 mm.); d^,.1.0712; n„ 1.50618. 


CCHO CCHO 

HC ,CH HC CH., 

(CHstaC I 

HX CH, H,,C CHj 

CH • CH 

Myrtenal. C 


J\ 

HX CH,, 

Perilla aldehyde. 


‘) Berl. Berichte 44 (1911), 815. 

*) Ibidem. — Comp. vol. I, p. 392. 
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The simultaneous occurrence of perilla aldehyde and myrtenal 
in the false camphor wood oil is very interesting, since the two 
aldehydes stand in the same relation to each other as do pinene 
and limonene. 

Additional constituents of the oil are; cineol (resorcinol 
compound) and d-limonene (m.p. of tetrabromide 103 to 104°). 

939. Cape Oil. 

From the Ivory Coast, Roure-Bertrand Fils') obtained leaves 
which are there known as cape and which, upon distillation, 
yielded 0.28 p.c. of a very mobile, greeni^-yellow oil, with 
an exceedingly strong pleasant odor which at first reminds 
of patchouly. It had the following properties: d,„.0.977; 
«j,+39°38'; A.V. 0.7; S.V. 109.2; soluble in an equal volume 
of 80 p. c. alcohol, the addition of more solvent causing 
turbidity. 

Later ^) the cape leaves were subjected to a botanical 
examination by E. G. and A. Camus. It was shown that they 
belonged to a hitherto unknown species of Popowia (family 
Anonaceae) which the authors named P. Capea. P. Capea, E. G. 
et A. Camus is a creeping shrub which occurs exclusively in the 
dense forests of the eastern part of the Ivory Coast, in Attie and 
Agnis, and even in these countries relatively rarely. Strangely, 
the fruits do not commonly contain seeds, for they are mostly 
converted into galls by the sting of insects. Popowia Capea is 
used to but a limited extent along the Ivory Coast. A small 
package of dried leaves of about 200 g. costs 20 cents on the 
spot, a price which is increased appreciably in the markets out¬ 
side of the cape zone. The crude material, consisting of dried 
stems and leaves is coarsely comminuted and macerated with 
cold water. The extract thus obtained is added to the baths. 

From about 42 kg. of leaves 246 g. (=^0.59 p.c.) of volatile 
oil were obtained, the larger part of which (160 g.) was heavier 
than water. The constants of total oil, as well as of the heavy 
and light oils are herewith tabulated: — 


‘) Berichte von Roure-Bertrand Fils October Wll, 43. 
“) Ibidem October 1918, 3. 
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Total'oil 

Heavy oil 

Light oil 

djoo ... 

1.0042 

1.0081 

0.9960 

«0. 

-1- 76° 56' 

-1-90° 54' 

4- 51° 26' 

A. V. . . . . . 

2.8 

1.5 

3.7 

S. V. 

166.1 

192.3 

123.2 

S.V. after acetyl. 

239.9 

248.3 

218.4 

Solubility in 

1 vol., later turbi- 

1 vol,, later very 

1 vol., later decided 

80 p. c. alcohol 

dity 

decided turbidity 

turbidity 

Solubility in 

0.5 vol., later slight 

after 3 vol. distinct 

0.5 vol., later very 

95p.c. alcohol. 

opalescence. 

turbidity. 

light turbidity. 


Upon acetylation the angle of rotation is greatly reduced: 
that of the total oil to -[ 13'48'; that of the heavy oil to + 18°4' 
and that of the light oil to +5“ 12'. 

6p.c. of the oil combines with bisulphite. 

Prom the saponification lye a thick oily liquid was obtained 
which had a distinct odor of cinnamic alcohol, but which did not 
crystallize. 

940. Oil of Paolo amarelfo. 

From the wood known in Brazil as paolo amarello, the 
botanical origin of which is not known, Roure-Bertrand Fils') 
obtained 0.41 p.c. of an oil that was almost colorless and had 
an odor like linaloe oil. dj„.0.8892; 5°54'; S.V. 22.9; ester 

content 8 p.c. computed as linalyl acetate; E. V. after acetylation 
200.2; soluble in 2 vol. and more of 70 p.c. alcohol. 

941. Oil from Turpentine Amarello. 

A wood, known in Brazil as turpentine amarello, has been 
distilled by Roure-Bertrand Fils’). The shavings yielded 0.1347p.c. 
of oil the odor of which reminded of turpentine. 8'’32'; 

soluble in all proportions of 90 p.c. alcohol. 

942. Gouft Oil. 

Distillation of a plant growing on the plateaus of Algeria 
yielded a light yellow oil. known as gouft oil, which had an odor 
that reminded of turpentine and mastic. It was examined by 
P. Jeancard and C. Satie-), dj.,,,0.8720; —15 20; A.V. 1.12; 

') Berichte von Roure-Bertrand Fils October 1910, 41. 

') Bull. Soc. chim. 111. 31 (1904), 478. 
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E.V. 14; E.V. after acetylation 42. It boiled around 170°. The 
fraction boiling below 170° seemed to contain, u-pinene (m.p. of 
nitrosochloride 103°). From the higher boiling fractions a few 
drops of an alcohol having the odor of geraniol were isolated 
with the aid of phthalic acid anhydride. 

943. Sheih Oil. 

The sheih oil described by P. )eancard and C. Satie') was 
obtained like the preceding oil from Algeria and had likewise 
been distilled from the entire plant. Its color was brownish-red and 
its odor was wormwood-like, d^^0.9540; A.V.8.4; E.V. 66.5; E.V. 
after acetylation 129.5. This oil contained about 15p.c. phenols, 
the principal constituent of which was the dimethylether of 
pyrogallol (m.p. 51°; m.p. of benzoate 107 to 108°). The oil 
deprived of phenols distilled between 175 and 200° and apparently 
contained thu/one (m. p. of oxime 54°) and thujylalcohol. 

944. Maali Oil. 

In 1907 Schimmel Co.®) obtained from theCerman Governor 
of Samoa an elemi-like balsam labled yVa'a//-resin ‘) which, upon 
distillation with water vapor, yielded- 16 p.c. of a light green oil, 
that solidified at ordinary temperature. According to H. Thoms®) 
the tree known in Samoa as Naafi or Mafoa is Canarium 
samoense, Engl, (family Burseraceas). 

Maali oil has a slightly balsamic odor, reminding somewhat 
of tea roses. «„ -f 7" 15'; S. V. 3.3; E. V. after acetylation 46.6;. 
soluble in 1 vol. of 90 p.c. and in 3 vol. of 80 p.c. alcohol. 
It liquified between 65 and 80°. In spite of the high alcohol 
content the acetylation value is low because when heated with 
acetic acid anhydride, water is split off and a sesquiterpene is 
formed, about which more below. 

Suction applied to the crystalline paste yielded a colorless and 
odorless crystalline mass. Recrystallized from either 70p.c. alcohol 


') Bull. Soc. chim. Ill. 81 (1904), 478. 

*) Report of Schimmel S Co. November. 1908, 137. 

°) In Samoa Ma'ali resin is used for stiffening the hair and for embalming 
the corpses of high chiefs. 0. Thiele, Ober wirtschaftliche Verwertung 
ethnofogischer Porschungen. Tubingen 1906, p. 36, Footnote. 

‘) Wotizbl. bot. Garten Berlin 27 (1901), .137; Apotheker Ztg. 16.(1901), W2. 
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or petroleum ether long needles with silky lustre were obtained 
which had the following properties: m. p. 105°; -|- 18.333°; 

b. p.. abt. 260°; E. V. after acetylation 16.0 (a sesquiterpene 
results); readily soluble in alcohol, petroleum ether, benzene and 
other organic solvents. With phenyl /socyanate no phenyl 
urethane resulted even upon long standing. Neither did semi- 
carbazide or bisulphite react. Concentrated formic acid, however, 
caused liquifaction even in the cold, the reaction mixture becoming 
turbid due to the formation of water. The substance in question 
is, therefore, a sesquiterpene alcohol, elementary analysis indi¬ 
cating the formula Cj 5 ti.j„ 0 . 

When this niaali alcohol is heated with dehydrating agents, 
preferably with concentrated formic acid, the corresponding maali 
sesquiterpene, with the following constants results: 

d„,0.9190; (fj.,-f 121^0'; [ajj, + 131.99°; n,, 1.52252; mol. refr. 
67.98; b.p. 270.8 to 271.0° (754 mm.); soluble in about 9 vol. 
and more of 95 p.c. alcohol. The solution of the sesquiterpene 
in glacial acetic acid is colored indigo blue by a few drops 
of concentrated sulphuric acid. The analysis yielded results 
■corresponding with the formula 

A nitrosochloride or a nitrosate could not be obtained, neither 
addition products of hydrogen chloride nor hydrogen bromide, 
also of water. 

When maali alcohol is heated with a concentrated aqueous 
solution of bichromate that has been slightly acidulated with 
sulphuric acid, it goes partly into solution, but upon cooling 
again separates as a dark reddish-brown, crystalline chromium 
compound’). This substance can also be obtained when about 
5 g. of the alcohol are introduced into about 50 cc. of a 15 p.c. 

*) In connection with maali alcohol Schimmel & Co. (/oc. cit. 139, foot¬ 
note) have investigated the behavior of a number of sesquiterpene alcohols 
toward chromic acid. In most cases they observed combination. Frequently, as 
In'the case of sandalwood oil, these are either thick oils or readily decomposed. 
Into their components. Hehce, in (he pure state they could be obtained only 
In connection with a few sesquiterpene alcohols. Patchouly alcohol yielded 
' with chromic acid a product in the form of reddish-brown needles that melted 
at 52 to 53°. The sesquiterpene alcohol of the oil of Eucalyptus Globulus 
melting at 88.5° (see p. 249) yielded orange-red needles that melted at 78°. 
Ledum camphor yielded brick-red crystals. Other alcohols, such as kesso 
alcohol, crystallized unchanged evenfrpm concentrated solutions of chromic acid. 
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aqueous solution of chromic acid and digested with slow heating 
and frequent agitation. If this reaction mass is recrystallized 
from alcohol or petroleum ether it yields handsome purple, long,' 
thick needles; with more rapid crystallization delicate brick-red 
needles that melt at 111°. Schimmel 8) Co. regarded this 
compound as addition product CrO,,. Since, however, 

H. Wienhaus^) has proven that certain tertiary alcohols, such 
as ledum camphor and patchouly alcohol, yield chromates of the 
formula (Ci 5 Hj 5)2 CrO„ it may be assumed that this compound 
of maali alcohol has a like composition. 

945 and 946. Sh6-Gyu and Yu-)u Oils. 

Sho-CiyO Oh.. 

In many parts of Formosa there occurs a tree which, according 
to K. Nagai‘'‘), bears great resemblance to the camphor tree, yet 
differs from it botanically, also as to the composition of the oil. 
The natives call it Gu Chiu. As to its botanical position little 
is known except that it probably belongs to the family Lauraceae. 
The “black camphor tree” appears to be identical with this tree. 
So long as its flowers have not been collected and examined 
it will be impossible to ascertain its botanical name. The 
leaves of the Sh6-Gyu tree are much thicker and have a darker 
green color than that of the camphor leaves. Inasmuch as the 
leaf-bearing branches frequently are so high that they can be 
reached only with difficulty, the trees are best identified by 
scraping off some of the woody tissue, preferably from the roots. 
The odor reveals at once whether the tree is a camphor tree 
or a sh6-gyu tree. The oil is obtained from the wood with a 
yield of 1.3 to 3p.c. (an average of 2.5 p.c.). A total annual 
production of 600000 kin would readily be possible. The oil 
has the following properties: d0.900 to 1.031; Oj,-f 7.75 to -f 30°; 
n„ 1.4750 to 1.51302; A. V. 0.1 to 0.96; E. V. 0 to 2.40; E. V. after 


‘) Berl. Berichte 47 (1914), 322. 

*) Investigation of the Shd-Gy'u and Yu-)u Oils produced in Formosa. 
Monopoly Bureau, Goyernment of Formosa. Taihoku 1914. This brochure 
of about 50 pages is provided with numerous illustrations of Sh3-Gyu and of 
the Yu-)u-tree, also with many maps showing the distribution of these trees 
in different parts of Formosa. 
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acetylation 46.6 to 129.4; soluble in 1 to 12.5 voK.of 80 p.c; 
alcohol. Of its constituents the following were identified: — 

Formaldehyde was identified by the Rimini reaction'). 

Sabinene. This hydrocarbon was contained in fraction 163 
to 167° and was characterized by its oxidation to sabinenic acid 
(m.p. 57°) and the conversion of the latter into sabina ketone. An 
attempt to identify «-pinene and camphene was unsuccessful. At 
least no nitrosochloride and no solid /soborneol could be obtained. 

Dipentene. From fraction 174 to 178° Nagai obtained 
dipentene tetrabromide melting at 123 to 124°. 

Both a- and y-terpinene occur in sho-gyu oil. They were 
characterized respectively by oxidation to the erythritol (y-terpinene) 
melting at 236°, and /-«,f('-dihydroxy-a-methyl-«'-/sopropyl adipinic 
acid («-terpinene) melting at 188 to 189°. 

The presence of linalool could not be proven satisfactorily. 

Fraction 207 to 213° contained terpinenol-4 which was 
identified by converting it into terpinene terpin and 1,2,4-tri¬ 
hydroxy terpane. Oxidation with alkaline permanganate converted 
the trihydroxy terpane into «,a'-dihydroxy-((-methyl-«'-/sopropyl- 
adipinic acid. This in turn, when oxidized in acid solution with 
potassium permanganate, yielded (^-dimethyl acetonyl acetone. 
Furthermore, the trihydroxy terpane, when boiled with dilute 
hydrochloric acid, yielded p-cymene and carvenone. The nitroso¬ 
chloride of the terpinenol-4 melted at 111 to 112", the nitrol- 
piperidide at 172 to 174'', the phenyl urethane at 71 to 72", and 
the naphthyl urethane at 105.5 to 106.5". The terpinenol is 
present in considerable quantity in the oil. 

The attempts to prove the presence of camphor and terpineol 
remained without positive results. On the other hand it was possible 
to establish the presence of geraniol. This alcohol is contained in 
fraction 97 to 112° (8 mm.). Its diphenyl urethane melted at 80.5°. 

Citronellol also occurs in the oil. The silver salt of the 
acid phthalate melted at 125 to 126°. 

Safrol was characterized by its oxidation to piperonylic 
acid (m. p. 228°), and eugenol by its benzoyl ester prepared 
according to Schotten-Baumann (m. p. 69°). Cadinene (color 
reaction) may also be present. 


*) Comp. Chem. Zentralbl. 18t)8, 1. 1152. 
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Yu-iu CHL. 

Nagai described yu-ju oil, as a product having, great 
resemblance to camphor oil. It differs from the latter, however, 
in not separating solid camphor. The yu-ju tree resembles the 
camphor tree so closely that it can be distinguished only by 
the odor of its wood. Genus and species are not known. 
The tree occurs in the southern part of Formosa where it is 
known as “oil tree”. The natives call it ju-chiu, which means 
oil tree. An annual production of 50000 to 60000 kin would 
easily be possible. The yu-ju oil has the same physical 
properties as camphor oil, but its optical rotation is lower, 
dj,. 0.942 to di,. 0.972; «„ +18.88 to +29:85°; 1.47457 

to njj„(,. 1.47869. It contains the following constituents: furfuro, 
(color reaction" with anilin hydrochloride and /?-toluidine acetate) 
d-u-pinen^ (m. p. of nitrosochloride 107 to. 108°; m. p. of nitrot 
piperidide 117 to 118°; m. p. of nitrosopinene 131 to 132°) 
camphene (conversion into /soborneol melting at 209°; m. p. 
of phenylurethane 138°), ji-pinene (m. p. of nopinic acid 126 
to 127°), cineol (m. p. of cineol-iodol 112°), dipenteqe (m. p. of 
tetrabromide 124 to 125°), a-terpineol (m. p. of nitrosochloride 
113°; m. p. of nitrolaniltde 155 to 156°;- m. p. of phenol"urethane 
113°), safrol (b. p. 233°; dj,, 1.106), eugeno/ (m. p. of benzoyl 
eugenol 69°) and camphor which separated from fraction 110 to 
112° (17 mm.) as such. The principal constituent of the oil is cineol. 

947. Oil of Yama-nikkei Bark. 

From wild cinnamon bark, the japanese yama-nikkei 
(family Lauraceee), Schimmel S( Co.‘) obtained a volatile o|^itti 
the following constants: dj,.0.9245; Ui,-f-8°34'; npjo*,^«^79; 
A.V.0.6; E.V. 14.8. Soluble in 1 and more vol. of 80 p.c. alcohol. 
The yield amounted to 1.77 to 2.1 p.c. 

The light yellow oil has a strong odor of camphor, reminding 
at the same time of ginger. The greater portion of the oil 
distills between 75 and 95 (6 mm.) and congeals in the cold 
to aAnagma of camphor. Separated by force filter and purified 
by. sublimation it melted at 175°, With semicarbazide it yield^ 
a semicarbazone melting at 236°, the 25 p.c. chloroforraic 

*) Report ot Schiinme! S Co. April 1915, 54. 
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ji^^On of which showed a sught optical rotation, —O'’10', in 
|i.\20 mmi taibe. judging by the odor, fraction 40 to 75° (6 mm.) 
appear^ to contain terpenes and cymene. 

948. Parthenoxylon Oil. 

In Buitenzorg^) there was distilled from the leaves of an 
unknown Borneo species of Parthenoxylon (Lauraceae) a volatile 
oil with the following properties: d„.0.893; «j, —17°4'. The oil 
contained cineol (m. p. of cinebl-iodol 110°). 

949. Oil of Sachguise. 

Sachgu/se is k resin which, like mastic, is chewed after 
nieals by some inhabitants of the Caucasus. In this manner 
they cleanse and disinfect their teeth, in part mechanically in 
part chemically. The resin that was distilled by L. Tschugaeff 
and ). Surenjanz’) was a yellow, fragrant substance obtained 
from Tiflis where it is sold at 50 cents per kilo. 

Distillation with steam yielded 8 p. c. of volatile oil ;■ 
dj,o 0.909; [o]j,36-4°. The bulk of the oil distilled between 
154 and 158° and consisted for the most part of d-a-pinene 
(m. p. of hydrochloride 125°; m. p. of nitfosochloride 103°). 

950. Oil of Haitian Sandalwood. 

From sandalwood obtained from Port au Prince Roure- 
Bertrand Fils*) obtained 3.8 p.c. of oil which was very viscid, 
and also in its other properties greatly differed from ordinary 
sandalwood oil: d^.0.9799; ori, + 47°4', ester content computed 
as CHjCOOCjjHja, 0.4 p.c.; total alcohol content, computed as 
C„H„0, 44.1 p.c.; soluble in 3 vol. and more of 70 p.c. alcohol. 

Roure-Bertrand Fils promised further communications con¬ 
cerning the sesquiterpene alcohol, also concerning the botanical 
origin of the wood which is whiter, but less hard, than East 
Indian sandalwood. 

*) fcarb. dep. Landb. in Ned.-IndiS, Batavia 1911, 48. 

^ loum. Russ. phy8.chem.Soc. 89 (1907), 1324; Chem.Zentralbl. 1908,1.1180. 

f) Berichte von Roure-Bertrand Fils October 1907,15. 
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Supplement. 

Family: UMBELLIFERM. 

ad 733. Oil of Masterwort'). 

The oil of Imperatoria has recently been examined by 
F. Lange “). It had been obtained from dry Tirolese roots 
collected from two year old plants with a yield of 1 p. c. and 
possessed the following properties; d^,.0.8627; + 59.30°; 

A. V. 0.8; S. V. 17.9; E. V. after acetylation .28.34. In addition 
to free palmitic acid, the oil contained the following acids as 
esters: \%obutyric acid, isora/er/c acid, xsopropylidene acetic 
acid (A/^-dimethyl acrylic acid), formic acid and acetic acid. 
Whether the /sopropylidene acetic acid was originally contained 
in the plant or resulted from the distillation is still a question. 

95 p.c. of the oil consisted of terpenes. Of these dipentene 
(m. p. of dihydrochloride 50°), d-limonene {m. p. of nitrol- 
benzylamine 92 to 93°), a-pmene (m. p. f|^itrolbenzylamine 
122 to 123°), and d-pheJJandrene (m. p. o^IRritc 103 to 104°) 
have been identified. In addition the oil contained an alcohol 
Ci„Hj„0 (?) the phenyl urethane of which melted at 145 to 146°. 
Finally, Lange showed the presence in the oil of a sesquiterpene, 
the dihydrochloride of which melted at 157 to 157.5". 

The angelica aldehyde, stated by Wagner to be a consti^^ 
of the oil, could not be found by Lange. 

Family: ASCLEPiADACE/E. 

951. Oil of Condurango Bark. 

In an exhaustive research of the chemistry of condurango 
bark (from Marsdenia Condurango, Reichenbach fil., family 
Asclepiadaceae) K. Kubler®) describes a volatile which he 
obtained with a yield of 0.3 p.c. by steam distillation of the 

*) See p. 373. 

•) Arbeiten aus dem pharm. Inst, der Univers. Berlin 8 (1911), .98. 

•) Arch, der Pharm. 848 (1908), 658. 
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ettiereal extract. This was yellow, of an intense but not un- 
'jiteasant, aromatic, somewhat penetrating odor; b. p. 140° (?); 

0.9741; [c(Jd + 6.724°. Treatment with 3 p.c. sodium hydro¬ 
xide solution yielded, on the one hand, a neutral portion with 
an agreeably aromatic odor (b.p. 225°; d 0.927; Hn-f 19.56°), 
and an acid portion which crystallized and consisted of a 
mixture of higher fatty acids. 


family. VERBENACEJE. 

952, Oil of Lippia scaberrima. 

Lippia scaberrima, Sonder occurs in Orange River Colony, 
South Africa, where it is popularly known as Beukess boss. 
In a thorough chemical examination by F. B. Power and 
F. Tutin‘) of the plant the oil was also obtained. 

The alcoholic extract of the plant, the odor of which 
reminded of lavender and sage, was distilled with steam. The 
oil obtained amounted to 0.25 p.c. with reference to the dry 
plant. It was yellowish-brown and its odor was similar to that 
of the plant and distinctly camphoraceous. B. p. 220 to 230°; 
d,j. 0.9500; ajj-|-7°36'; readily soluble in 50 p.c. alcohol. With 
ferric chloride it yields a light brown color. In the aqueous 
flistillate the presence of formic and butyric acids, in small 
quantities, could be shown. 


’) Arch, der Pharm. 245 (td07), 337; Americ. journ. Pharm. 79 (1907), 449. 


Errata. 


Page 242, 8* line from above, to add: 

From the bark of this kind the authors obtained a red oil 
(d,,,. 0.898), which contained neither phellandrene nor cineol. 


Page 14, 
-P^[b 167, 
Page 487, 


1609, 


I8*i’ line from below, to read: Qarelli instead of Carelii. 

4*1' line from above, to read: Sakais instead of Sokais. 

Stk line from below, to read: CioHuO: instead of CuHuOi. 
I't line from above, to read: Sprini instead of Spring. 





General Index 


A 

Abe/tnoschus moschatus III, 160 
Abies alba II, S6, 112 

— .amabiiis II, 91 

— balsatnea W, 89, 130 

— canadensis II, 90, 129 

— Cedrus 11, 134 
cephaionica II, 87, I28_ 

— concolor II, 91 

-var. Lowiana II, 93 

— Douglasii taxifolia II, 131 

— excelsa II, 80, 112 

— Fraseri II, 89 

— mucmnata var. palustris II, 131 

— nobilis II, 91 

— pectinate H, 84, 112 

— Pichta II, 125 

— ffeginse Amalise II, 128 

— sachalinensis II, 84, footnote 

— sibirica 11, 80, 125 

— daxHo/ia II, 131 
Abietene II, 94 

■ Abietinete II, 11 
Abir Izkhir I, 64 

Abn Djaf^r Achmed I, 25 
. Abrah^sstraucb III, 409 
j^gprption I, 258 

/ffi^thol = tanacetone I, 461; III, 642 
Abul Fazl I, 64 

■ Abttlcasia l, 25, 204, 205 . 

^ Acacia Qerenia II, M9, footnote, 591 

■ dealbata 11, 591, footnote 
, Pamesiana II, 588 

i iV-" iiorilmnda H, 591 
■ ^ i^aia 1, 505 


I Acacia longifolia, Melanoxyloa 11, 59 
I — pluricapitata,samientosa,tenerrim 
' 1, 505 . 

Acanthaceae HI, 585 
Aceras anthropophora I, 521 
Acetaldehyde I, 405 
, Acetanilide as adulterant of oil of orri 
' II, 271 

I Aceteugenol I, 487 
I Acethomovanilllc acid I, 483 
i Acetic acid I, 498 
I Acetic ether 1, 507 ' 

I Acetine as adulteraiSB peppermint o 
I 111, 519 W 

I Acetisoeugenol as adoiterant of vanilll 
1,%29 

Acetone I, 433 

— in pine tar oil II, 104. 

-Russian turpentine oil II, 80 

Acetone dicarboxylic acid, detection < 
citric acid as III, 75 ' 
i Adtone anisique II, 386 
I Acetophenone in ladanum oil HI, 179 
Acetopropyl alcohol 1, 436 
Acetovanillic acid 1, 483 
Acetovanillone in apocynum oil ill, ^ 
Acetylacetone I, 436 ■ 

— condensation with citral 1, 414 *, 

Acetylation I, 575 y ■' 

. Acetylpropionyl in pine tar oUs |l, !( 
4-Acetyl-l ,2-xylene from fench^ 
Ache des marais ill^ 322 ’ ’ 

Achillea Ageratum IH, 620 
>■* atrata IU,,648, footnote 
corottwiifolia HI,* 620 

— laiiefplium % 
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Ic^/^ moschata III, 618,648,' footnote 
^ya^a HI,, 648,* footnote 
y mtbUis HI, 619 
Mfys triphylla I, 521, 

Muffed, Abn Djafar 1, 25 
\^de myronigue 1, 134 
Md, ‘solid, from Oil of Eryngium fasti- 
dum III, 305 

- CsHtOt from caryophyllene I, 333 

- C«Hi 404, dibasic, from pennyroyal oil 

111, 469 

- C»HuOi in camphor oil II, 464 

- C.H,.0, in hop oil II, 327 

- CioHuOs in oil of lawel leaves II, 50 
“ CnHuO, in nutmeg oil II, 412 

- CuHuOb in oil of savin II, 173 

- CuHmOj (?) in palmarosa oil II, 188 

- CulVOa in caparrapi oil II, 488 

- m.B®jto 36° in oil of Heiichrysum 

vivarium III, 607 

-61'^in arnica flower oil III, 655 

-159° in oil of myrrh III, 112 

-182 to 184° in spearmint oil 

, HI, 557 

- value I, 571; II, 617 footnote 
\cids I, 497 

- removal from volatile oils I, 275 
^corus Calamus II. 255 
KcndicUdium II, 508 
\chronychia laurlfolia II, 647 
Kctinostrobus pyramidal is II, 140 
^dtnocrepis Javanica I, 505 
^dmttum pedatum, peravianum, tra- 

pezitorme I, 52i 

Uttitbrants normaux (turpentine oil) 
II, 11 

ICgineta, Paulus I, 107 
f^h -Marmeios H, 648 
%»^aria HI, 106 
€aiaBthtts suavis III, 577 
^llprilo, Saladinus of 1,33,93,115,120, 
I 121, 139, 143, 146, 183, 197 
Cjmapium III, 360 
^ of Ainida i, 22, 107, 124 
angustifoiittm II, 291 
H, 292 
lyifeifee.1l, 2 . 


Agaatache fceniciitum II^ 4!^ 

Agaihis iiba, australis II, 9 

— robusta II, 10 

Ageratum brachystephanum III, 595, 
footnote 

— conyzoides 1, 521; III, 595 

— mexicanum I, 5^1; III, 595, footnote 

— multitiora I, 505 
Agnacate 11, 478 
Agnelli HI, 508 
Agnew 11, 173 

— see also Henderson 
Agrumen oils. III, 1 

— history I, 147 
Agrumi HI, 1 

Ahaiia, Ahaioth I, 157, footnote 

Ahlers II, 47 

Ahlstr6m II. 19, 23, 25 

Ain Bagar, Ain Chilta II, 334 

Ain-i-Akbarn, 64 

Ainslie I, 1£<) 

Ajowan herb oil 111, 340 

— oil, history of I, 172 

— seed oil HI, 337 

A/uga moschata HI, 618, footnote 
Ajwan Ea-phul HI, 338 
Akamaru HI, 530 
Akar wangi II, 209 
Akayanagi III, 530 
Akbar I, 64 
Alangilang H, 393 
Alantolactone I, 520, 528 
Alantolic acid in elecampane oil lU, 609 
Alaric I, , 114 
Albertus Magnus I, 310 
Alcohol see also Ethyl alcohol and 
Spiritus 

— from patchouli oil 1, 369 

-French waterfennel oil 111, 846 

-waterfennel oil I, 369 

— CitHieO in wintergreen oil 111^^ 

— (^HuO from geraniol 1, 357 

— CwHwO in the oil of Piper agi0»- 

foiium var. subverbgscfftmum 
U, 308 * 

— CioHuO in the oil of Madoth<u» 

laevigata n, b ** 
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Alcohol GuJittO in verbena oil III, 408 
— — oil of juniper berries 11, 162, 
footnote 

— CioHtoO (?) In MeisterwurzelOl Hi, 674 

— CioHioOi in oil of valerian Hi, 592 

— C,(,HmO from the oil of Erythroxylon 

monogynum 1, 404 • 
detection of 1, 349, 612 
Alcohols 1, 345 

— alicyclic I, 374 

— aliphatic 1, 341 

— aromatic (cyclic) I, 369 

— hydroaromatic I, 374 

Alcohol acid CuHisOa from diosphenol 

I, 494 

Aldehyde in Seychelles cinnamon oil 

II, 421 

— CioHieO in gingergrass oil I, 432, 

11, 197 

— --lemongrass oil I,. 432j II, 197 

— CioHuOj in turpentine oil II, 13 

— CisHmO in LatschenkieferO! II, 121 
Aldehydes I, 404 

— alicyclic I, 432 

— aliphatic 1, 404 

— aromatic, cyclic I, 420 

— isolation from volatile oils I, 275 

— occurrence in aqueous distillates 

1, 405 

— and ketones, assay I, 581 
Alden III, 490 

Alderotti, Taddeo I, 35 
Alembic, history of I, 203 
Alembics voyageants I, 224 
Ale^biciis 1, 204 
Aleppo pine needle oil II, 127 
Aleurites cordata HI, 170, footnote 
Alexander HI, 610 
fi Alexander the Great I, 147 
Alexandroff H, 79 
Algeriim oil of turpentine H, 80 
. AUiervi I, 179 
’ Alicuiaria scalaris 11, 5 
Aikindi 1, 108 

Alkyliminothiolcarbonic acid, hypothe¬ 
tical base of mustard oil gluco- 
ddesU, 520 


Allamanda Hendersot^i 1, 505 
Allen H, 14, 36 

Altiaria otiicinalis I, 546j H, 258, foot¬ 
note 517 

Allium Cepa 11, 259 

— sativum 11, 258 

— ursinum 11 , 260 
Allolemonal H, 197 
Alloocimene I, 280 
Allport HI, 58, 79 
Allspice HI, 187 
p-AlIyianisol 1, 475 
Allylpyrocatechol I, 480; H, 312 
m-Aliylpyrocatecholmethylene ether 

I, 489 

Allylcyanide II, 535 

— in mustard oil from Brassica juncea 

II, 525 

4-Allyl-3,6-dimethoxy-l, 2-methylene- 
dioxybenzene I, 490 
Allylguajacol I, 480 
4-Allyl-6-mejhoxy-l, 2-methylene - dioxy- 
benJlLl, 489; H, 412 
p-Allylph^HE 475 
AllylpropyfiBTphide in garlic oil H, 259 
Allylmustard oil I, 546 

— assay I, 605 

Allyltetramethoxybenzene 1, 492 

Allylthiourea I, 548 

4-Allyl-l,2,6-trimethoxybenzene I, 488 

Allylveratrol 1, 483 

Alocasia Veitchii I, 532 

Aloe barbadensis, vera, vulgaris H, 257 

Aloebolz H, 543 

Al-oed I, 157, footnote 

Aloe-wood II, 543 

Aldysia citriodora 111, 406 

Alpenbeiiuss HI, 648 

Alpenrose 111, 384 

Alpenspik HI, 594 

Alpers HI, 304 

Alpinia Galanga H, 278 

— malaccensis, nutans H, 279 

— otficinarum 11, 277,' 

Alsodeia cymulosf .f, 505 

Alstonia angu$0olia, Mae^' nuumt. 
fihyibg viUosa 1, 50! 
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111 , m 

' •'At^ka 'OfficittsJis 111, 159 
-Altingia excelsa II, 543 
Aluminium chloride for the separation 
' rof fenchone from camphor 1, 361 
Alyxia stellata 1, 521 
Amanita, muscaria II, 2 
Amanitol II, 2 
Amantiila 1, 194 
Amaracus Diciamnus III, 476 
Amaryllidaceae II, 262 
Amblard I, 230 
Ambrette seed oil III, 170 
Ambrosia artemisiseiolia 111, 611 
Ambrosia species mixed with pepper¬ 
mint III, 524 

Ameiancbier ainituiia, canadensis, vul¬ 
garis I, 532 

Amenomiya I, 537, 538; 111, 658 
American mint III, 520 
American oil of turpentine II, 57 
Amida, iCtius of I, 22, 107, 124 
p-Amidothymol from carvoxime I, 442 
Amido compounds 1, 540 
Ammonia, development of, during the 
distillation of volatile oils 1, 531; 
II, 295 

Ammoniac gum III, 371 

— ■— history of I, 178 
Amomis I, 111 
Amomum I, 111 

— aagustitolium II, 291 

— aromaticum II, 290 

— - Cardamomum II, 288 

-- DanieUi, Korarima II, 292 

madagascariense II, 491, footnote 

— Mala, Melegueta II, 289 

— nemorosum, sansibaricum II, 291, 

footnote 

f~ ipngiber II, 280 
Artiotpha fruticosa 11, 611 
Amprphene II, 611 
-Am^dalase II, 579 

I, 421, 534 

•'J|i^ffi£aHn-emulsin, system II, 579 
^^ggdaias communis II, 577 
'f^^jflq^dbnltiite glucostde II, 587 


Amylacetate in cacao oil III, 161 
Amylbutyrat in cacao oil III, 161 
Amylene bromide I, 436 
Amyl nitrite for the preparation of 
nitrosochlorides I, 296' 

Amyl propionate in cacao oil ill, 161 
Amyl salicylate 1, 509 
Amyris balsamifera HI, 108 

— elemiiera III, 110 
Amyris Linaloe III, 128 

— Plumieri III, 110 
Amyrol I, 401 

Amyrolin in West Indian sandalwood oil 
III, 109 

Anacardiacese III, 148 
Anagallis arvensis HI, 394, 395 
Anastatica hicrochuntica 1,137, footnote 
Anatolia, production of rose oil II, 533 
Anderson HI, 164 
Andreef, Andres III, 528, 548 
Androl 1, 369 

Andromeda Leschenauitii 111, 390 
Andropogon oils as adulterant for rose 
oil, history of I, 142 

— caesius a et /S II, 246 

— Calamus aromaticus II, 179, 217, 

footnote 

— ceriferus, citratus 11, 202 

— citriodorum II, 202 

— coioratus 11, 246 

— ilexuosus 11, 193 

— intermedius II, 248 

— Iwarancusa II, 187, footnote 
-subsp. laniger 11, 244 

— Martini 11, 178 

— muricatus H, 209 

— nardoides « 11, 179 
- fi minor II, 245 

— Nardus II, 187, footnote 

- Ceylon II, 218 

- var.,ceriferus II, 202 

- (xioratus II, 246 

- Java II, 218 

— odoratus II, 247 

— pacbnodes II, 179 

— polyneuros II, 243 
-j- Roxbuigbii II, 202 



^^AtiHrop^n Schwmuithusi,3iii^, 179, < 
i-y-l JXS,22g . ■' ' ■; 

— subsp. iiervatus il, 248 
'I— -* var. genuiaus n, 179 
* - --•WijrtHM (I, 179 
-- versicolor 11, 245 

— sguarrosas H, 209 

— versicolor H, 245 
Aqdropogon oil, histoty I, 16, 101 
Andropogon oils II, 178 

^-Of unknown species II, 249 

Androsin lU, 401 
Anediol !, 426, 474 

action of light and air I, 478 

— in oil of Pelea madagascarica II, 634 

— oxidation to anisic aldehyde I, 426 
Anethol dibromide, anethol glycol 1,477 
Aoethum Foeniculum III, 350 

— graveoiens III, 373 
— Sowa III, 376 

Aneara palmata II, 5, footnote 
Angeli II, 441 


Airi>|c aideih^e’i'fii^.^^ ‘a>ni' 
mdagascaM<^ &, ^ 

— alcohol in vanilla oU II, 295 
Anise k^one I, 486; if, 385 

-“in anise a|l ill, 345 

-fennel oil 01, 353 

Anise oil III, 341 

-history I, 172 

Anise cultivation and harvest in Russia, - 
ill, 341 

Anisic acid I, 426, 601 

-in vanilla oil II, 295 ^ 

Anisum PhiUppinarum insularum 1,121, 

van Ankum 111, 326 

Annotationes I, 51 

Anonacex II, 393 

Anschutz I, 276 

Anthemene mPOmischKamillenOlWy 617 
Anthemis Cotuia III, 617 

— nobilis, n. flore plena, n. var. fi-tlos- 

cula 111, 614 
Anthemol III,* 616 


. Angelica anomala III, 367 

— Archangelica ill, 363 
japonica ill, 367 

— Levisticam III, 361 

— refnacta ill, 367 

Angelic aldehyde, non-occurrence in 
MelsterwurzelOl ill, 674 

— acid I, 500 
Angdica hnrb oil Ill, 366 

— oil, lapanese III, 367 
voot oil III, 363 

--i history I, 176 

seed oil ill, 366 
Angalus Sala I, 130, 140 
Angiopteris evecta II, 6 
Angophora lanceolata III, 292 
Al^bstura balsam oil II, 593 
balk oil U, 645 
Anfixaim IragransA, 521 
iMline as reagent for fuiluroi I, 431 
,^isdelgQi^e,Sibirie Il„378, footnote 
'^baEkU,478 
i^lsic aldet^de 1, 426 
assay I,, 584 

In ibe oil (?) of wall flower 538 


Anthocephalus Cadamba 1, 506 
Anthophylli 111, 1# 

Anthoxanthum odoratum I, 521 
Anthranilic acid methylester I, 542 

-in oil of wall-flower II, 533 

-in neroli oil, priority of dis¬ 
covery III, 96, 97 

--oil of Pobmia Pseudacacia^ 

11, 612 

Anthriscus Cerelolium III,* 305 
Antidesma diandrum I, 505 
Antidotarium I, 24, 150 ^ 

Antifebrine as adulterant'tbf, •mpiniin 
I, 429 ' ” ' /'■ ■ 

Antipyrine as adultei^t ofrose oil 
Aomaru, Aoyaaag! 1I|, 530 ' 

Apiol I, 490 , 

Apiolalic alddfiyde and acid 1, 49 

Apitong\\\,)n 

Apium gr^eolens ill, 318 . 

— Petreselinum ill, 323 
Aplopappus discoMeas Ut, 183 
Aploiaxen in costus, oil HI, 66b 
^flotaxis aar/ailsits 9j^^ - 

— ciutdicans I, 532 






^jtii^m indnmiBmifoJium 111, 401 
ij^K^hoil, sopited li, 509 
Hall I, 227 

i^fiiucatits according to Herzfeld (tig.) 

v:;,' ■ 36 

-- Marcusson and Winterteld 

: («e.>U,36 

~ for the determination of congeaiing 
point (fig.) I, 563 

— maceration and separation of 
fat from flowers by means of 
centrifugals (fig.), I, 267 

-the extraction of pomades with 

alcohol (Batteuses i extrait) (fig.) 
1, 265 

Apple oil II, 547 
Apple of Gippsland III, 241 

-Victoria III, 251 

Apple-scented gum ill, 254 
Apple-top box III, 268 
Apricot seeds for bitter almond oil II, 577 
Aqua ardens I, 32 

florum Aurantii III, 88 
—^ hamamelidis II, 544 
- Naphae I, 152; III, 88 
sabinsB I, 100 
-r vitas I, 30 
tAquifoliaceae III, 153 
'Aquilariaholz III, 184 
At^^kfriat ^al/ocha 11, 543 
^"maJac^nsis 11,177, footnote; 111, 184 
l-^ 'Mpskowskii II, 176, footnote 
AquUegia chrysanta, vulgaris I, 532 
Ar^laps’, art of distillation I, 21 
>')Aa$oeis 11 , 2i2 

nttdicauiis III, 304 
'■^^iiaedte III, 304 
;^ll^ene, occurrence III, 304 
|)!tlWWYoJ HI, «2 

sjW'i;'**"' .. ■ 

'^l^^gd^) Bt^iana II, 10 , 
M'^I^S^Idagtmtaii ft 10 


Arbutus /jdtrM^ia HI, 

Archamiaulf de Cralliy 1; 97 ’ 
Archangeiica officinalis Ift ^ 
Arctium Lappa III, 658 
Ardisia fuiiginosa, humilis, iurida, ma- 
crophyiia, purpurea, reclinat^’. 
sanguiaolenta, speciosa I, 505 
Areca Catechu 11, 309 
Arezula I, 79, 183, 187, 188 
Argentum vivum vegetabile 1, .31 
Argyle apple III, 250 
d’Aribenu HI, 395 

Aristoiochia Ciematitis, macroura II, 358 

— reticulata 11, 357 

— Seiiowiana II, 358 

— Serpentaria II, 357 
Aristolochiaceas II, 352 
Armstrong II, 24, 29, 38,66,84,106,579 

' Arnica montana III, 655 


I 

I 


Arnica flowers, oil of; root oil of 111,655 
Arnold de Bachuone 1, 30 
Amoldus Villanovus 1, 30, 33 
Aromadendral, chemical HI, 264 

— in oil of Eucalyptus aibens 111, 262 
- Cambagei HI, 255 . 

- cneorifolia 111, 257 

-- conica 111, 235* 

-- corymbose HI, 222 

-_ dumosa Ill, 256 

- Fletcheri III, 273 

- gracilis HI, 261 

- hemiphloia HI, 262 , 

--- marginata lU, 289 

- microcorys HI, 232 .• 

- obiiqua III, 284 

- occidenialis .XW, 229,; 

— -- oleosa HI, 257 ' 

--- polybractea 111, 255 ‘ 


- propinqua Hit 230 

- punctata III, 240 , 

-var. cffio&wa Ift J 

- rostrata HI, 267 ■. 

- Rudde^m,^ 

-r aaAnosog6/i^;.,^, J 

' —-sa/w6fM,ipi,^W-v.; 

. _ _ 










in oil of Eucalyptus j Artemisia Bt^iieri Bl, ^48 

■’ , ti^yphioia Itt, 2i2 ‘ I r- 652 

— —- viridis and Woollsiana — cans III, 652 

ni, 261, 262 -^ caudata 111, tel 

Aromadendrelie, chemical 111, 274 — Cina III, 635 

— in oil of Angophora lanceolata — ccerulescens III, 653 

in, 292 — Dracuncaius III, 633 

- Eucalyptus acaciseformis — frigida Hi, 650 

UI, 228 — gallica III, 647 

-- acmenoides 111, 272 — glacialis HI, 648 

- affinis and Bxuerhni lierba-alba HI, 648 

in, 230 -var. densillora ill, 649 

-- Bosistoana III, 235 — indica HI, 646 

_ '- botryoides III, 223 — lavanduIxfQlia HI, 653 

--■-- Bridgesiana HI, 241 -- Ludoviciana Ill, tel 

- calophylla III, 227 — maritima, var. Ill, 638 

— ;- Dawsoni III, 268 - Stechmanni HI, 635 

_ ;- dealbata III, 239 — pontica III, 638 

--,- eximia III, 223 — serrata, variabilis HI, 652 

--- hxmastoma HI, 274 — vulgaris HI, 645 

^-- hemilampra HI, 234 Arth I, 453 

- intertexta HI, 232 ■ Artificial almond oil I, 420 

- maculosa HI, 240 — camphor I, 295 

-- nova-anglica III, 224 — musk I, 537 


-- paniculata HI, 236 

:- pendula HI, 238 

---- redunca HI, 229 

— - robusta HI, 224 

— - tessellaris 111, 221- 


— mustard oil, 546 

— spoonwort oil I, 549 

— wintergreen oil I, 504 
; Arum macalatum 1, 532 

I Arurido Indica odorata 11, 217 


-- trachyphloia 111, 222 

- viminalis III, 266 

— (?)- Pinus Lambertiana 

T * 111, 274, footnote 

Atomadeiidric acid HI, 264 
Atoim alcohols 1,' 369 
, —^dehydes I, 420 
; hydrocarbons I, 281 
j ketones 1, 438 
.Atppe m, 463 
yA^yati iil, 211 
ijAirianl, 155 
■d’Afsonval III, 37 
\Aiidmtbe eloagata 11, 302, 308 
f^'geniculata\\, 308 

At^nt/iium 111, 638 
||r-|o«w«IU,,te0 

111, 645 


; Arve 11, 128 
Asa foetida HI, 368 
Asahina H, 255 to 257, 374 
Asafetida oil III, 368 
— history I, 176 
Asarone I, 487; II, 357 
Asarum arifolium H, 356 
— Blumei 11, 357 


— canadensE 11, 354 

— Europmum II, 352 

— Sieboldi II, 357 
Ascaridol II, 366 


— in boldo leaf oil U, 415 

-American wormseed oil B, ^ 

Ascaridolic acid H, 363 ■ , 

Aschan 1, 90, 289, 396; H, 

86, 103, 1P4, 108^.109, 1^. Ij 
124,339 








•‘QBN8RAt3ili»/ 


II, 297 

^ Aacher ip, 658 
Aschoff H, 265 
AscJepJailacex III, 402, 674 
Ashton II, 506 
Askinson I, 89 
Asparagus officinalis II, 262 
Asperula odorata I, 521 
Aspergillus niger II, 549 
Aspic III, 442 
Aspidium fiiix mas II, 5 
Athamanta Oreoselinum III, 373 
Athanor I, 216 
Athenaeos 1, 155 , 

Atherosperma moschatum 11, 16 
Athrotaxis selaginoides II, 36 
Athyrium I, 532 
Atkinson III, 292 
Atlas cedar oil II, 135 
Atractylene 1, 337, 402 

— from atractylol I, 402 

— blue color I, 404 
Atractylol 1, 337, 402 
Atr-i-Jehangiri I, 64 
Attar of Rose II, 549 
Atterberg I, 316; II, 107, 121 
Attich III, 589» 

Aubdpine I, 426 

Aubert III, 618 
Aublet U, 480 
^Auckiandia Costm HI, 659 
Audibertia stachyoides III, 461 
Auld II, 576 
Aurantine II, 94 
Austracamphene 1, 82 
Australene I, 82; II, 22 
Australian sassafras II, 416 
Autln 111, 118 
y. Auwers 1, 319, 457 
Aveozear I, 24, 138 
^yicema 1, 108, 120 
Avocato II, 478 

Aiionge bemoinie, populinie, toluinie 

.l^paiia oil ill, 596 
i8^:ll,.449 

1,16,37,103,107,109,111,120 


^Azulene III, 623 

- (?) in patchouly oil III, 573 
—" 'pennyroyal oil III, 502 

-‘-Roman <chamomlle oil III, 617 

- in milfoil oil 111, 618 

B 

Babcock II, 129, 132, 134, 163 

- see also Hanson 
Bauccaurea 1, 505 
Bachmyntza 1, 191 
Bachtchiev 11, 640 
Bachuone, Arnold de I, 30 

i Bacillus butyricus HI, 157 
Backhousia citriodora III, 212 
Bacon II, 202, 205, 210, 211, 214, 272, 
275, 282, 375 to 377, 396, 400 to 
405, 442, 445, 539, 633, 640, 647; 
HI, I3I, 135, 176, 401, 405, 573, 

I 582, 603 
I Badula II, 334 
I Badanifera anisata II, 378 
I Badian, Badiyan II, 378, footnote 
t Bxckea frutescens Ill, 303 
i Baer 1, 156 
I Baetcke III, 64 

! V. Baeyer I, 87, 283, 288, 296, 311, 381, 

: ■ 444, 446, 584; 11, 22; 111, 134, 462 

' Bagaradad II, 334 
Bahia balsam oil II, 593 
Bailey I, 523 
Bainbridge 111, 161 
j Baitar I, 177 

I Baker 1, 369; II, 6 to 8, 10,136,140 to 
I 149, 470, 472; 111, 214, 223, 225 
! to 233, 236 to 245, 252 to 264, 
267 to 290, 292, 297 to 304, 420 
Balang pasisir III, 663, footnote 
Balan oil 111, 663 
Balanza III, iOl 
Balao balsam oil IH, 175 
Balbiano H, 225 
Balm of Gilead fir II, 189 
Balm oil, histoty I, 188 
Balneum arenae, Mariae 1, 20^- 
Balsam of fir, of (jiiead 11, 89 ' 




m&Aaim!sh lt^i foi^qt^ 

'i^^imkrautMj tSi ' •;,' ^•:‘. 

jBkfmtiodendron 0/)^l9amom I, bU ' 
*'■ ■'• footnote ,' ' 

' Balaamum..tie Mecca III, 115 
> fie/>oco II, 205 
iBalzer li, 140 
BMtber H, 203, 235 
jBan^rger II, 1 
fBengalty HI, 223 
Barbaraea pfscox II, 511, 680 
BafW^I, 83, 169, 279, 280, 294, 359, 
363, 365, 397, 418, 419, 444; 
II, 24, 196, 198, 481, 482, 568, 
618, 620; IB, 26, 126, 307, 407 
Barbosa 1, 104, 110, 112, 120, 149 
' Barcoos 11, 72 
BanJsky U, 27 
- Birenktaa III, 379 
Barenthin I, 569 
^Barifle n, 312 
jBarier III, 490 
tBirfaacb il 260 
Bawsma species II, 639 
cremlata II, 639 
■ - Zsftfo//a n, 642 
pulchella H, 641 
— var. major II, 642 
:^~--*aeiratffo/ia II, 639 
* w- ^nusfa II, M3 
='^11,87 
II, ,72 

’f^Barringltonia rubra, apicata I, 505 
^Banpwcliif ill,.468, 469 

290 , H,‘ 344 ! Ill, 186 , b(& 
f ie Bi^ema 1 , 162 
%«ilitt H, 520 , ■ ,' ■ 
|a3|f!(?(Brt^ni,360 ■: ■ 

aqueous distill;Ue of anselica 

'to ol). of Barosma pulchella 

g ^',n %adi^ oil II, 262; 

0, 268 
oil .10, 334, ' 
^Ij^ttiohouly, oil, ;n(,,572 
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B«sB in;,,:4s®'' ■ 

BaxHic iiA HI, 580 
Basilicum lit, 575 

— oil, 'R6anlon III; 575 
Baaola Bukni II, 334 - 
Basiia I, 532 

Bastard bloodwood HI, 223 

— box HI, 235, 242, 255 

— cinnamon III, 191 

— mahogany III, 223, 288 

— sandal II, 624 

— stringy barlf 111, 28t 

— white mahogany HI, 225 
Bastardoni Hi, 8 
Battandier III, 490 

Battery in Satos factory (illustr.) Ill, 535 
Batteuses I, 251 

— b extrait (fig.) 

Bauer III, 358 
Bauhinia pyrrba. 

Baum I, 487 
Baumann III, 19 

tume de Pirou en cogues II, 608 
iur 1, 538; II, 567; III, 116 , 

^ Bay berry II, 316 
I —*tree, Californian II, 485 

— berry HI, 194 

— leaf oil II, 524 

— history I, 131 

— oil III, 190 

— oil from various sources III, U* 

— rum ill, 192 
Bazaroff, III, 341 
Bear as symbol 1, 205 
Beccari 111, 164 
Becher I, ' 66 . 

Beck HI, 28, 64, 465, 466 
Becher III, 368 
BeckeU II, 259; HI, 518, 536 
Beckmum I, 344, 348, ^1; Hl^ 
Beckmann’s apparatus I, 563 "''‘ 

' fie^BStroem ill 253 to SSB ‘' 
Beekurts H, ^ 

151 j 

t-Begntaqs 1,108, li8 




(fflVfer extri^n 1, 262 

Be^teck il^ S46 
I^Ushhmiedia ebtusifoHa U, 440 
a«ilstdn I, 176, HI,«^i:^ 364, 481, i 
642, 654 

B^stein's test for chlorine I, 609 
BeIndOrtt 1, 227 
n, 594 

Bklte III, 543 

Bellidiastrum osmitoides III, 610 

Bellotti II, 127 

Bembil box III, 243 , 

Benatlus I, 152 
Benedikt I, 581, 598, 599 
Bengkudu III, 587 
Bennett 1, 588; II, 160, 172, 174, ; 
III, 30, 31, 43, 52, 103, 106, 


—:.r-^,,#l,'‘^l^ant of vuiUUit i, 429 i " 
•— — beru^yl ester, see benzyl ^enzoate , 

-esters, see benzoates 

-r — ethyl ester see ethyl benzoate 

-methyl ester see methyl benzoate 

Benzoin from benzaldehyde II, 582 , 

Benzoin odorifenim II, 503 
Benzophenot see phenol 
Benzyl alkohol I, 369 

-in champaca oil II, 376 

-wallflower oil II, 533 

:-robinia' oil 11, 612 

Benzyl benzoate I, 513 
■- — in hyacinth oil II, 262 

-Quino-Quino balsam oil II, 606 

— — as adulterant for storax oil 11,541 
Benzyl chloride I, 421 


220, 256, -407, 418, 441, 444,453, 
489, 546 

— see also Umney 
Benson II, 93 
Benzal chloride I, 421 
Benzaldehyde I, 420 

— artificial, for adulteration of bitter 

almond oil II, 584 

— —■ preparation 421 


— assay I, 584, 587 
in champaca oil II, 376 
l^^jllychelles cinnamon oil II, 421 
pSrrence I, 420; II, 568 
cyanhydrin formation, II, 579 
-T In bitter almond oil 11, 582 


— cherry laurel oil II, 586 
J^enc as solvent I, 249 
bfJ^BenOIen II, 104 
and homologues, detection in pine 
f|';^,;ta^ oil II,_50 
^ temiosulphoilic acid I, 294 
fi^rtebi as solvent 1, 251 

AS fUM 11, 347 
|^wi;te6M/ii,'503, 

^^taterimt 1,429; U,620; 111,441 
,(B»e ;wood .oil of Cryptocaria 
' 41, 502 


Benzyl cinnamate I, 514 

-in QuinO'Quino balsam oil II, 606 

Benzyl cyanide I, 535; II, 622 
Benzyl mustard oil I, 535, 550 

— -in spoonwort oil II, 550 

Benzylidene camphor 1, 457 
Berchile I, 201 

Bergamiol 1, 510 
Bergamot leaf oil jll, 76 

— camphor 1, 151 

— essence of, distribution of factories 

(map) 111, 7 

— mint III, 552 

— oil 111, 58 

-from green and rire fruits III; .66 

— — formation and change of in¬ 

dividual constituents III, f&, 

-history I, 151 ''' , f; 

-assay of total esters 111,' 68 ^ ^ 

— — examination III, 67 . 

— and. lemon oils, price 

curve Hi, 5 
Bergamottella |il,, 62 
Bergaptene In bergamot oil 
—, — oll.rf/lsg««xa»ZAoxyj^Sb!(^ii6^ 
Bergmann III; lil '' 

Bergmeliase 11^ 473 
BeigpeiersiUp Ift ®3 • 



fierinfer HI, 3^ 

&il(enheitn it, 351 
^rnays 11, 623 
'^nhelBier 1, 472 
Bertaeninr I, 128, 144; II, 429 
Bertfe III, 17, 31, 43, 44, 62, 83 
Berthelot I, 89, 82, 135; 11, 22,'27, 116 
Bertram I. 118, 207, 355, 361, 364, 402, 
511, 516,698; II, 113, 116 to 118, 
120 to 124, 129, 225, 282, 310, 
311, 327, 430, 462, 529, 531, 536, 
537, 568, 618; III, 27,63,577, 593 
Bertrand II, 579; III, 297 
Berzelius 1, 77 
Besenginster II, 609 
,Besson I, 45, 150 
Betel oil II, 309 

-history I, 118 

Betelapotheke II, 309, footnote 
Betelphenol I, 480; II, 310 
Betula alba II, 323 
- hnta II, 318; HI, 394 
Betulaceaa II, 318 
Betulase II, 319; HI, 144 
Betulol I, 401 

in oil of birch buds II, 324 
Beukess Boss HI, 675 


Krcti batit oil, hlstoty I, 118 

— bud oil II, 323 
-- leaf otf B, 324 
Bisabolene I, 328 

— in cardamom root oil II, 293 

— in Siberian fir beedle oil H, 126 
Bisabol myrrh oil III, 113 
Bisnitrosomentbone I, 453 
Bisnitrosopulegbne I, 447 
Bisulphite method 1,’582 
Bitterfennel, wild III, 355 
Bitterklee 111, 400 

Bitter almond oil II, 577 
Bitterweed HI, ,611 
Biyakushi III, 367 
Bizio HI, 622 

Bjalobrzeski I, 493; H, 640, 641 
Black birch 11, 318 

— butt HI, 272 

— gum HI, 254, 287 • 

— mint HI, 540 

— peppermint ill, 224 

— pine H, 129 

— sage HI, 461 

— Sally III, 286 
sassafras II, 4w - 

W— spruce 11, 132 


Beurre de Viohttes II, 265 
Beutirt II, 122, 123, 131 
Beyer 1, 443; HI, 374, 556 
Bhaduri HI, 582 

Bialobrzeski I, 493; H, 640, 641 
Bianchetti-lemons III, 17 
Bichy, HI, 147 
Bigelovia veneta 111, 183 
'Blg^ow I, 181 
; ''H8nami 111, 324 

filghonfa Chamber/aynii, exoleta I, 505 
•BBiydro, see Dihydro 
■Kfleter 1, 135 
A. U, 544 
Ht 481 ■ 

‘j^iphi^tbck II, 635; Ul, 417, 418, 427, 

i;,;U::'427,..436, 444: 


— stringy bark HI, 271 
Blackwellia I, 532 
Blaise HI, 616 

Blanc I, 437, 371, 372 - 

Blanchet I, 78, 89,171,173,17jgK^3r^ 
353, 419, 429, 566, 5^pP2,296 
Blandini II, 614 
Blasdale II, 91, 93, 

Blasengerucb I, 5^^** 

Blass II, 156, foofl^; 506 
Blue color Of |»^ntial oils 1, 404 

— oil in canBi^or oil H, 464 
Bleeding B, 60 

Biey I, 171; III, 111, 346, 618, 619 
Blin n, 266; III, 476 . 

Blood spectrum for citral determitiitiorfji 
IH, 36 

Bloodwood HI, 223 


Blouch III, 598 

fflue gum ^ 244, 245, 260 
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maltee III, 255« 

>!“ tnouiiWn tea 111, 599 
^' Ijeppermlnt III, 25? 

SImahn III, 334, 557 
Slume II, 394 

BJomea balsamifen III, 602 
lacem III, 606 
’ ^^meueh II, 393 
Bock I, 197; II, 5 

Backer II, 121,127; III, 18,47 to 50, 365 
Bockmann I, 165 
Bode II,. 344 

Boerhave I, 67, 128, 133, 165, 194, 223 

Bohm I, 144 

BShnie II, 31, 38 

Bohnenkraut III, 471 

Boi 111, 371 

Bois de Cass 111, 664 

"■ — dtmn de Cayenne II, 479 

- du diex/que 111, 118 

.- rose femelle, mile II, 479 

— d’lnde citron III, 191 

— jaune II, 479 
Boissier III, 406 

'Bokomy 11, 510 
Boldo leaf oil II, 415 
Boletus eduUs II, 2 

— suaveolens II, 1 
Bolle I, 170 

,^olley II, 272 
BoJos III, 131 
Baisine I, 592, 593 
Boltze II, 535 

Bolling temperature of volatile oils 1,565 
T— -< and composition of volatile oils 

l, 274 

Bombay Sumbut III, 371 
BonMtre 1, 124,. 137, 152, 157, 165; 
Tl,'487, 496, 506, 542; 111, 111, 
116, 168, 577 
^(Xiavla III, 77 
^iMl|,76 
I'llMtfaicius I, 114 
.'i^ok..'^ the sciOnice of life I, 16 

157; II, 177, 613; III, 136, 
147, 158, 184 

m, 347, 348 


Bpnfeene HI, 16S, 

Bomemann I, 89 
Borneo camphor oil III, It. 

Borneo! I, 392 

— detection in the presence of camphor 

I, 475 

— distinction from /soborneol I, 396 

— from camphor I, 456 

— in oil of Artemisia arborescens 

III, 645 

- Cailitris DrummondiiW, 147 

—- - intratropica II, 145 

- rhomboidea II, 147 

— - verrucosa II, 142 

-dog fennel oil III, 596 

— (?) in the oil of Persea pubescens 

II, 479 

— in oil of Pistacia Terehinthus var. 

paiaestina HI, 150 , 

- Abies alba II, 116, 122 

fl^Borneol in the oil of Cailitris calcarata 
II, 146 

I — - g/guca 11, 143 

I — — frankincense oil HI, 118 
I /-Borneol in oil of Artemisia Irigida 
! Ill, 651 

-- - American wood turpentine oil 
II, 102 

Borner HI, 655 
Borntrager III, 61, 622 
Bornyl acetate I, 517 
£/-Bornyl acetate in the oil of Cailitris 
calcarata and C. gracilis II, 146 

-— robusta 11, 141 

--- verrucosa 11, 142 , 

Bornylamine from camphoroxime 1, 456 
I — conversion into camphene I, 305 
Bornyl formate I, 517 
Bornyl /sovalerate I, 519 
Bomylphenylurethane 1, 305, 39if 
Boronia polygalilolia II, 6M 
Borowiczka II, 160 
Borrichius I, 75 
Bosisto I, 167; 111, 215, 212 
' Bosuga blanca U, ,627 ', 

I Boswellia Carterii Si, 116 
! Boswigi 111, 52 




T) TO 

Soachardat I, 84, 303, 306, 342, 375; 
n, 24; HI. 26, 248, 249, 287, 346, j 
447, 448, 591 

, Bouillon Lagrange I, 106 
Boulez I, 578) II, 233 
Boullay I, 152; 111, 195 
Bourdet III, 546 

Bourquelot 11,549, 578; 111, 144, 382,529 
. Boutron-Chariard 1, 79, 134, 144; 11,526 
Bouveault 1, 347, 358, 364 to 366, 374, 
371, 377, 415, 418, 419; II, 196 
to 198, 618, 620; III, 26, 126 
Box 111, 262, 273 
Box-system II, 58, 59, 60 
Box-tree Ill, 290 
Boyle 1, 173 

Braconnot 1, 154, 179; Hi, 111 

Brandel U, 131, 152; 111, 367, 464 to 467 

Brandes 1, 147, 154; II, 509; 111, 111 

Brandis U, 331 

Brass III, 246, 637 

Brassica alba II, 526 

-i- campestris II, 527 

— juncea 11, 518, 584 

— yyapas U. 511, 527 

-and var.,tnustard oil content II, 528 

— nigra 11, 518 

— oleracea and var., mustard oil con¬ 

tent II, 528 
►— 7?apa II, 531 

— — andvar.,mu8tard oil content 11,528 
—var. rapifera II, 511, 528 
ibraun HI, 362 

Briutigam HI, 187 
Bravo 1, 98 

Brazilian nutmeg II, 500 
Brea HI, 131 
6r6don II, 17 
Bredt 1; 523; III, 608 
Brdmontier I, 97 
^ III, 645 
I7tt;:8reuil IH, 82 
'^fkelia ovata I, 532 
^ tomentoaa l, 505; H, 298 
1^1^ li, 250 
fl^lV.S20 


jBrtquet m, wi; ♦?», ooz, oou; ^ '; 
Brittle gum III, 240 
Brlx H, ,594, 595 , 

Briza minor 1, 5^ 

-peppermint III, 282 

— suckered peppermint III, 224 
Bromal derivative of /soborneol I, 3^., 
Bromelia I, 495 

n-Bromo styrene 1, 423 

Brooks II, 9, 85, 209, 376 to 378, 646; 

111, 34, 87, 582, 585 
Broom oil II, 609 
Broughton HI, 390 
Brower 11, 25 . 

Brown H, 490 
Brown gum III, 230, 253 

— mallee III, 261 

— sassafras H, 440 

— stringybark IH, 271 
Browning IH, 148, 625, 662 

Bruhl I, 406; 11, 506; HI, 145, 556, 644 
Brunfels I, 57 

Bruning I, 165; II, 29, 85, 367 
Brunner HI, 392 

Brunschwig, Hieronymus 1, 39,173,174, 
183, 185, 194, 197, 199, 207 
Bruun I, 161; IH, 180, 181 
BruySre III, 146 

Bruylants I, 519; 111, 36 to 38, 43, 414, 
416, 437, 439, 447, 480, 591, 592, 
629, 630 

Bubimbi bark oil 11, 600 
Bubon sicalus 111, 347 
Buchu leaf oil H, 639 

-history I, 147 

Buchu camphor I, 493; II, 640 
Buchholz I, 129, 179, 199 
Buchner I, 175, 176, 247; II, 128, 163, 
546, 548; III, 383 
Buchu leaves H, 639 
Buddieia perfoliata III, 585 
Bugle weed III, 500 
Bukublitter II, 639 
Bull mallee. Ill, 256 

Buinesia Sarmienti 1, 402; Il, , ;^, 6!?4 
Bundy box III, 255 
Bunge III, 355 
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&mker in, 368 
Baphane distkha U, 262 
Bupleural from bupleurol III, 314 
fiupleOrot in bupleurum oil; chemical 
III, 313 

BupJeurum tniticosum III, 311 
puTChhardt II, 84, 544 
Burette of Eibner and Hue for the 
detection of petroleum in tur¬ 
pentine oil II, 40 

Burgess I, 584, 585; II, 111, 302, 344, 
III, 8, 22, 24, 28, 44, 64, 78, 80, 
81, 468 
Burgin II, 273 
Buri III, 499 
Burke III, 461 

Burkill II, 179, 181, 190, 207, 208, 441 
Burrows III, 80 
Bursera Alcexylon III, 118 
■ Delpechiana III, 118 

— fagaroides var. ventr/cosa, glahri- 

lolia III, 118 

— paniculata III, 138 

— penicillata HI, 118 
Burseracese III, 110 
Bursera-opopanax III, 114 
Bush III, 541. 

Busse I, 430; II, 292, 485, 604 
Bussy I, 134 
Butlerov II, 353; III, 502 
Butt butt of Gippsland III, 241 
Butte-Tine II, 94 
n-Butyric acid 1, 498 
Butyric acid (?) in the oil of CaUitris 
calcarata II, 146 

-(?)- g/auca II, 144 

- gracilis II, 145 

-in spearmint oil III, 557 

--carrot oil III, 381 

-the oil of Persea pubescens 

II, 479 

Butterwebd HI, 601 
n-Butyl alcohol I, 349 
seo.-ButyI mustard oil I, 459 
Butyric aldehyde 1, 405 
Systropogon mollis, origanifoUus 
, mi, 500 

■ ^ ^LibeniBiATeR. The voLATrLE OILS. III. 


c 

(8M also K and Z) 

Cabbage gum HI, 239, 276, 281 
Cabriuva wood oil II, 607 
Cabureiba balsam oil H, 608 
Cacao oil. Cacao red HI, 161 
Cade oil, history I, 99 
Cadinene I, 329 

— in the oil of Athrotaxis selaginoides 

H, 137 

— (?)- CaUitris Macicayana 

H, 149 

- Cryptomeria japonica 

H, 137 

-- Pherosphatra Fiti- 

geraldi 11, 6 

~ (?) in the wood oil of bacrydium 
Prankiinii H, 7 

/-Cadinene in copaiba balsam oil 11, 596 

— — African copaiba balsam oil 11, 599 
Cadinene dihydrochloride, preparation 

I, 331 

Csesalpinia Bonducella I, 505 

— Sappan H, 603 
Cafi bravo 11, 417 

Cahours I, 89,146, 173, 175, 181; 11, 320, 
382; III, 315, 355, 388, 591, 642 
Caines H, 18 
Cajei III, 107 

Cajeputene hydrate, cajeputol HI, 315 
Cajeput oil III, 296 

-history 1, 165 

-distillation in Ceram (illustr.) 

HI, 293 

Calabria (map) III, 7 
Caladium I, 541 
Calamene H, 254 
Calament 111, 476 

Calameone, calameonic acid II, 254 
Caiamintha macrostema III, 474 
“ Nepeta, obliqua III, 473 

— officinalis HI, 443 

— parvifiora, trichotoma III, 473 
Calaminthone, a mixture HI; 474 
Calamus aromaticus H, 217 
Calamus herb oil H, 256 

44 . 
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Calamus oil, history I, 18, 103 

-Japanese II, 255 

-Javanese II, 256 

— root oil II, 252 
Caldwell II, 579 
California bay tree II, 485 
Calingag II, 445 

Callan 11, 646; III, 211 
CaWtris actinostrobus II, 140 

— arenosa If, 144, 146 

— cakarata II, 145 

— cupressiformis II, 146 

— Drummondii 11, 147 

— fwticosa II, 145 

— glauca II, 143, 147 

— gracilis II, 145 

— Gunnii II, 148 

— Muegelii II, 143 

— intratropica il, 144 

— Macleayana II, 149 

— Muelleri 11, 148 

— obiorjga, Parlatorei II, 148 

— Preissii II, 141, 143 

— propinqua II, 142 

— quadrivalvis II, 140 

— rhomboidea II, 146 

— robusta II, 141 

— sphxroidalis II, 145 

— Suissii II, 141 

— Tasmanica II, 147 

— verrucosa II, 142 
Callitrol II, 141 

— in the oil of Calliiris glauca II, 143 
Calmeyer I, 179 

Caipandria ianceoiata I, 505 
Calvi I, 165 

Calyptranthes paniculata III, 195 
Camden woolly-butt III, 286 
Camel-grass oil II, 244 
Camellia Tbea III, 162, 163 
Camerarius I, 197 

Campania Farm of A. M. Todd near 
' Kalamazoo, Michigan (illustr.) 
lU, 525 

^imphene 1, 801, 396 
^ from bomeol I, 394 
-bomylamine I, 305 


Camphene in Borneo camphor oil ill, 163 

-oil of Canarium villosum III, 137 

-costus oil III, 662 

-oil of Dacryodes hexandra III, 142 

-American wood turpentine oil 

II, 100 

-Manila copal oil II, 9 

-- oil of R,hus Cotinus III, 152 

-Seychelles cinnamon oil II, 421 

— (?) in turpentine oil II, 24, 25 

— in frankincense oil III, 117 
-yu-ju oil III, 672 

— isomeric (?) in Ceylon citronella oil 

II, 225 

— modifications i, 302 

— conversion into /soborneol I, 305 
/-Camphene I, 82 

Camphene camphoric acids and iso- 
merides I, 304 

Camphene hydrochloride 1, 304 

— glycol I, 304 

— hydrate I, 396 

Camphenilone, camphenylic acid 1, 304 
Campholic acid from borneol I, 412 
Camphor I, 76, 77, 304, 454 

— artificial I, 295 

— as designation for solid deposits 

from volatile oils 1, 399 

— detection in linaloe oil III, 129 
-in the presence of borneol I, 457 

— determination by means of potassium 

permanganate III, 130 
-in camphor oil II, 462 

— distillation (table of countries) II, 454 

-Japanese (illustr.) II, 456 

-condenser (fig.) II, 458 

-apparatus, Chinese (illustr.) II, 459 

— districts in Formosa (map) II, 471 
-Japan (map) II, 471 

— from borneol 1, 394 

— in the oil of Alpinia Qalanga II, 279 

--- Qnnamomum Cam- 

phora X glanduliferum II, 477 

-American wood turpentine oil 

II, 101 

-the oil of Meriandra benghalemis 

HI, 462 
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Camphor In the oil of Ramona stachyo- 
ides III, 461 

-yama-nikkei bark oil III, 672 

-yu-ju oil III, 672 

— leaf oil 11, 477 

— leaves, distillation II, 451 

— oil II, 447 

■-history I, 124 

-distribution in parts of plant 

II, 450 

-as adulterant of clove oil 111, 207 

--peppermint oil ill, 519 

— -sassafras oil II, 497 

— pinacone I, 456 , 

— production in Formosa II, 471 
-)apan (map) II, 468 

— root oil II, 467 

— seeds II, 288 

— separation from borneol I, 456 

— tree, cultivation in Malay States 

11, 452 

-(countries) il, 448 

-- Jamaica II, 452 

-Ibean II, 482 

-Nepal II, 443 

-propagation 11, 449 

— wood, false ill, 664 

--oil, Venezuelan II, 484 

rf-Camphor in Atherosperma leaf oil 

II, 417 

-leaf oil of Cinnamomum glan- 

duliferum II, 444 

-the oil of Perseagubescens II, 479 

- Ramona stachyoides 

III, 461 

-Smyrna origanum oil III, 486 

/-Camphor In iva oil III, 619 
Camphoric acid I, 456 
Camphorogenol II, 464 
Camphoronic acid 1, 456 
ACamphoronic acid from eudesmol 
m, 269 

Campborosma monspeliana II, 368 
Camphoroxime I, 457 
• Camphoylic acid I, 304 
Campomanesia reticuiata III, 195 
(^us n, 50l! Ill, 541,575,578,580,666 


Canada balsam oil II, 89 
Canadian turpentine oil II, 33 
Cananga odorata II, 393 
Cananga flowers distillation in Java 
(illustr.) II, 399 

— oil II, 403 

-adulteration I, 614; II, 404 

^-Bangkok-, Seychelles- II, 404 

Canarium I, 505 

— Cumingii I, 283; ill, 136 

— eupteron III, 139, 177, footnote 

— hizonkum III, 131, 134, 135 

— Mansfeldianum III, 140, footnote 

— microcarpum II, 543; III, 139 
- panicutatum III, 139 

— samoense III, 668 

— Schweinfurthii III, 138, 140, footnote 

— viHosum III, 136 
Canarium wood oil III, 136 
Candle bark 111, 231 

Me. Candless II, 38 
De Candolle II, 138 

-C. II, 303, 306 

Canelila II, 501 
Cane/ia alba III, 180 

-history of oil I, 161 

-leaves used as adulterant of bay- 

leaves 111, 191 
Canelo 11, 488 

Cannabene, cannabene hydrate II, 329 
Cannabinol II, 329 
Cannabis gigantea II, 329 

— indica I, 281; II, 329 
I — sativa II, 328 

Cannizzaro I, 370 
Canoe cedar II, 152 
Canthium paiembanicum I, 505 
Cantueso III, 449 
Canzoneri II, 393 

Caoutchouc, dry distillation 1, 312 
Caparrapene 1, 337; II, 488 
Caparrapiol II, 488 
Caparrapi oil II, 488 
! Cape oil 111, 666 

I Capitaine I, 77, 80; 11, 163, 296, 300, 
I 594 to 596; Ill, 22, 54, 62 
! Capituiare I, 100, 182 

44* 
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Caprifoliacex III, 5S3 
Caprinic acid I, 499 
n-Caprinic acid in cacao oil III, 161 
■ — — oil of Fagan xanthoxyloides 

II, 631 

Capronic aldehyde 1, 406 

- acid I, 350, 499 

-in cacao oil Hi, 161 

- .. spearmint oil III, 557 

-palmetto oil II, 250 

Caprylic acid I, 490 

-in Aleppo pine needle oil 11,127 

--oil of Artemisia frigida Ill, 651 

-cacao oil III, 161 

—'-camphor oil II, 464 

-- palmetto oil 11, 250 

-spearmint oil 557 

Capsella bursa pastoris I, 546; II, 511 
Capura alata I, 505 
Carallia symmetrica I, 505 
Caraway harvest in Holland (illustr.) 

III, 329, 333 

- oil 111, 327 

■ formation in plant 111, 335 
-history I, 171 

- — testing Ill, 336 
Carbene III, 221 
Carbon disulphide 1, 546 

- - as solvent 1, 247, 249 
-determination in mustard oil 


11, 525 

— oxysulphide I, 548 
Carboxylapocamphoric acid 1, 304 
Cardamine amara 1, 549; II, 511, 531 

' Cardamoms, Ceylon II, 284 

— Ceylon-Mysore II, 286, footnote 
Cardamom oil, Bengal II, 290 

-Ceylon, Malabar 11, 284 

-history 1, 111 

-- Cameroon, Korarima II, 291 

— — Siam II, 288 

— root oil II, 293 
tfCard-amotnum 1, 111 

‘Cardamotaum minus I, 112 
V Cardwe{t III, 448 


•«e II, 635 
111, 119 


Carica Papaya III, 183 

Carle II, 238, 240 

Carles III, 590 

Carlina acauUs III, 657 

Carlina oxide I, 530; III, 657 

Carlinene III, 657 

Carotin II, 265 

Carpo balsam 1, 51 

Carpo baisamum I, 61, footnote 

Carqueja oil II, 609 

Carre II, 72 

Carrot root oil III, 381 

— seed oil III, 381 
Carstanjen I, 479 
Cartagena balsam oil II, 594 
Carthamus tinctorius 1, 106 
Carthaus II, 256; III, 278, 358, 551 
Cartheuser I, 71, 199, 104, 111, 113, 

122, 129, 146, 183, 187, 188, 190 
Carum Ajowan, copticum III, 337 

— gracile, nigrum III, 340 

— Petroselinum III, 323 
Carvacrol I, 473 

— determination I, 594 

— (?) in the oil of Athrotaxis sela- 

ginoides II, 137 

— in oil of Nosia japonica III, 561 

— — — — Prostanthera cineolifera 

111, 420 

- Thymbra spicata III, 475 

a- and f;-CarvacromenthoI from thymol 
by reduction I, 474 

Carvacrylamine from carvoxime 1, 442 

-thujone oxime I, 463 

Carvacryl phenylurethahe 1, 474 
Carvene III, 332 

— see Limonene 
Carvenone I, 32X1 

Carveol in caraway oil III, 334 

— acetate, spearmint-like odor III, 557, 

footnote 

Carvestrene I, 315 
Carvol see carvone 
Carvoline 1, 441 
Carvone (carvol) 1, 488 

— determination 1 585, 589 

T- in oil of Taxodium dtsticharn 11,, 146 
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CiTVone, reduction to dihydrocarveol 
■ ,I, U2 

!*- conversion into carvacrol I, 442 

— derivatives from terpineoi I, 396 
Carvotanacetone from o-phellandrene 

I, 325 

— — thujone I, 463 
'Carvoxime I, 441 

— from iimonene nitrosochloride i, 310 

— conversion into dihydrocarveol 1,442 
Caryophyllaceae II, 368 
Caryophyllene I, 331 

— (?) in oil of Dutch myrtle flowers 

II, 316 

— in liquid Lagam balsam oil III, 139 

— — lavender oil 111, 439 

— identification 1, 334, 633; II, 596 
n-Caryophyllene in copaiba balsam oil 

II, 596 

-oil of poplar buds II, 314 

An-Caryophyllene in hop oil II, 328 
/:f-Caryophyllene in copaiba balsam oil 

II, 596 

-hop oil II, 328 

— — West Indian sandal wood oil 

III, 109 

Caryophyllene alcohol, caryophyllene 
hydrate I, 333 

— nitrosate, -nitrosite, -nitrosochloride 

1, 333 

Qiryophyllus aromalicus III, 195 
Cases pretiosa 11, 501 
Cascarilla oil III, 144 

— history 1, 158 

Cascarillic acid in cascarilla oil Hi, 145 

CasiUier de Farntse II, 589 

Casimiroa edulis II, 646 

Cassan II, 368 

Cassia caryophyllata II, 489 

-i lignea II, 435, 441 

Cassia leaf oil II, 435 

— floral stems II, 435 

— flask (fig.) I, 583 
oil 11, 425 

pS— aldehyde determination II, 433 
-!- from different parts of the plant 
'JB, 435 


6^3 

Cassia oil, Chinese still (illustr.) II, 427 

-distillation test II, 432 

-history 1, 125 

-adulterations II, 431 

— bark oil II, 435 

— stearoptene 11, 430 

— twig oil II, 435 

Cassie, yield of oil upon extraction 
I, 251 

i — flowers, oil of Caveniana II, 588 

— Farnesiana II, 588 

Cassier ancien, C. du Levant II, 589 

— L^omain li, 591 

Castanopsis javanica, Tungurrut I, 504 
Castets II, 73 

Castor oil as adulterant of clove oil 
ill, 207 

. --—-lemon oil 111, 52 

— --sandalwood oil II, 348 

de Castro I, 149 

I Cat spruce II, 132 
I Catafaille blanc II, 630 
. Cathetus fasciculata III, 146 
I Catinga de negra II, 417 
1 Catingueira II, 417 
Cativo balsam oil II, 601 
Catmint, Catnep ill, 453 
Cavendish I, 121 
: Cayla HI, 603, 606 
Cech HI, 410 

I Cecropia Schiedeana I, 504 
I Cedar, use of term in America II, 169 

— red HI, 143 

— Siberian 11, 128 
I — white 11, 149 

— leaf oil H, 169 

; — camphor see ccdrol 

i Cedar wood oil H, 171 

i history 1, 202 

— detection 1, 611; II, 176 

— as adulterant of anise oil III, 345 
-cassia oil II, 43f 

I —-chamomile oil ill, 626 

—-geranium oil II, 620 

;-lavender oil III, 441 

— -lemon oil 111, K 

I- orris oil II, 270 
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Cedar as adulterant of peppermint oil 
III, 519 

-sandelwood oil II, 347 

— Atlas II, 135 

— Cuba III, 143 

— Haiti II, 164 

— La Plata 111, 143 

— of Lebanon II, 134 
-history 1. 101 

Cedar wood oil. East African II, 171 
■— Punta Arenas III, 143 
Cedrat oil 111, 77 
Cedre jaune II, 479 

CedrtJa hrasiliensis, cedro, fissi/is, 
odorata, VeHoziana III, 143 
Cedrela wood oil III, 142 
Cedrene I, 340 

— detection in volatile oils I, 612 

— dicarboxylic acid, -keto acid II, 167 

— in sage oil III, 458 
Cedrenol, Cedrenyl chloride 11, 167 
Cedri(no) oil 111, 77 

Cedrol I, 401; II, 166 

— in East African cedar wood oil 11,171 
Cedrone 11, 166 

Cedrone 111, 77 

Cedro oil 111, 77 

Cedrus atlantica, Libani II, 135 

— odorata 111, 143 
Cedrylphenylurethane I, 401 
Celandine oil II, 509 - 
Celastraceas 111, 153 
Celery herb oil 111, 321 

— root oil III, 322 

— seed Oil 111, 318 
Celery top pine 11, 7 
Celsus 1, 142 

Cfe/f/s species 11, 326, footnote 

— reticulata 11, 326, footnote 

— reticulosa 1,541,560; II, 320, footnote 
Centaurea montana, solstitialis 1, 532 
Ceratopetalum apetalum 1, 521 
Cerotinic acid in oil of sweet orange 

111, 55 

Cetraria isJandica 11, 3 
C^lon cardamom seeds 11, 284 

' . . 1 — nit II aift 


Chablay HI, 474 

Chace 111, 8, 17, 24, 38, 39, 43, 44 
Chaerophyllum sativum III, 305 
Chaffee 1, 96 
Chailletia cymosa I, 532 
Qtammcyparis Lawsoniana, obtusa 

II, 159 

Chamxmehs coriacea I, 533 
Chamomile III, 615 

— oil III, 621 
-history 1, 197 

— — Roman, history I, 196 

— — testing HI, 626 
Champaca fioiyer oil II, 375 
Champaca oil, fancy name for guaiac 

wood oil II, 625, footnote 
Champacol II, 625, footnote 
Chapman 1, 335; II, 327, 328, 344 
Chapoteaut 1, 337; II, 166, 342, 343 
Chapus III, 93, 100 

Charabot 1,89; 11,373,374,500,614,620; 

III, 65, 66, 86, 87, 89, 102, 104, 
306, 409, 426, 543, 579, 639, 641 

Charaka I, 16 

Chardinia xcranthemoides 1, 533 
Charlemagne I, 100, 133, 168, 172, 175, 
182, 191 
Charon 1, 550 
Chassis I, 258 
Chatenier HI, 421 
Chautard HI, 627, 628 
Chavibetol H, 309 
Chavica Bet/e II, 309 

— otficinarurn, Boxburghii 11, 297 
Chavicol I, 475 

— (?) in oil of Barosma venusta 11, 643 
Cheiranthus Cheiri 11, 532 
Cheirolin in the seeds of Erysimum 

arkansanum and of wallflower 
11, 534 

Cheken leaf oil HI, 210 
Chelidonium majus 11, 509 
Cheney Ill, 8 

ChenopodiacesB II, 359 _ 

Chenopodium ambrosioides 11, 361 

-var. anthelminticum II, 359 

Cheria II, 334 
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Cherry .birch 11, 318 

— laurel oil II, 585’ 

-history 1, 145 

Chevalier I, 119; 11, 315; III, 202 
Chieh oil III, 649 

Child HI, 8, 24, 26 
ChUocarpus densifhrus, denudatus 
I, 505 

Chilperich I, 114 
Chilta, large II, 334 
China Budh II, 332 

Chinchilla, production of rose oil II, 553 
Chinese Wild Pepper II, 628 ■ 

Chinese, art of distillation I, 15 
Chionanthus eUiptica, iatifolia, mon- 
tana, ramif/ora I, 505 
Chione glabra III, 586 
Chios turpentine oil III, 149 
Chipping II, 60 
Chips II, 334, 418 
“Chir” tree II, 83, footnote 
Chiris I, 145, 249 

Chloral, combinations with menthol 
I, 389 

rf-Chlorocyc/ogeranioladiene carboxylic 
acid I, 470 

Chlorocymene from menthol I, 388 
3-Chlorocymene I, 453 
Chlorine, detection I, 609 
Chtorocodon ecornutum III, 402 
~ Whiteii III, 402 
Chlorocodon root oil III, 402 
Chloroform as solvent I, 247 

— detection I, 615 
Chlorophycex 11, 1 

Chlorophyllane in Cajuput oil 111, 295 
Chorois I, 124 
Christison 11, 484 

Chromic acid esters of terpenc alcohols 
111, 669, footnote 
Chroolepua JoUthus II, 1 
Chrysanthemum ChamomiUa III, 621 
■ — dnerarisefolium 111, 632 

— indicum, japonicum 111, 631 

— Parthenium 111, 627 

— sinense var. /apon/cum III, 632 

— Tanacetam HI, 628 


695 

Chrysophanic acid in rhaponticum oil 

II, 358 

Chrysophyllum imperiale 1, 521 
Chuit I, 468, 470 
Church III, 204 
Chuwah I 64 

Ciamician I 176, 334, 479, 490; HI, 319, 
323, 364, 377 
Cicer arietinum I, 532 
Cicuta maculata III, 327 

— virosa III, 326 
Cicutene III, 326 

Cider gum, C. tree III, 259 
Cidreira Meiisse II, 417 
Cineol I, 526 

— (?) from aromadendral 111, 264 
-ascaridoi II, 364 

— — eudesmol HI, 270 

— -- terpineol I, 378 
assay methods I, 600, 601 

— in the oil of Alpinia Oalanga II, 279 
-— — false camphor wood 

III, 666 

— — cardamom root oil 11, 293 

— oil of Cathetus fasciculata 
III, 147 

--champaca oil II, 376 

- Cinnamomum glanduliferum 

II, 444 

— - Dutch myrtle oil II, 315 

-- o\\ oiEucalyptusacervula\\\,2Zb 

— -- campanulata III, 281 

-. — _ Gunnii and linearis 

III, 259, 260 

. . „ - liuelleri and Perrini- 

ana 111, 253, 254 

-- phlehophylla and reg- 

nans 111, 277 

-_ _ J^odwayi 111, 254 

-- taeniola Ill, 285 

- unialata, urnigera, ver- 

nicosa HI, 254 

- — wood turpeirtine oil 11, 102 

- — oil of Inula viscosa HI, 610 

— — Cayenne linaloe oil H 481 
-oil of Melaleuca genistifoiia 

HI, 299 
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Cineol in the oil of Melaleuca gibbosa 
and Leucodendron var. tancifolia 
III, 299 

- paucifiora and tri- 

chostachya ili, 301, 302. 

- Ocimum piiosum ill, 582 

- sanctum III, 582 

- Ocotea usambarensis II, 483 

— parthenoxylon oil III, 673 

- Persea pubescens II, 479 

-French peppermint oil III, 544 

-oil of Plucbea foetida III, 606 

- Prostanthera cineolifera 

III, 421 

- f(amona stachyoideslXX, 461 

-star anise oil II, 384 

- Thymus Mastichina III, 4<J8 

- trawas olie II, 499 

-verbena oil 111, 408 

-Yu-|u oil III, 672 

— detection I, 529 

— non-occurrence in hyssop oil III, 479 

— conversion into dipentene I, 528 
1,4-Cineol I, 525 

Cineolene I, 529 
Cineolic acid I, 529 
Cineol acid anhydride, conversion into 
methylheptenone 1, 529 
Cinna arundinacea I, 521 
Cinnamat hydroxy sulphonate of sodium 

II, 434 

Cinnamic acid I, 501 

-benzyl ester I, 504 

-cinnamyl ester 1, 515 

-ethyl ester I, 508 

-from cinnamyl alcohol I, 373 

-methyl ester 1, 503; see also 

methyl cinnamate 

-In Honduras balsam oil II, 543 

-in oil oWe/a/eucahracteafa 111,289 

— aldehyde I, 425 

-in oil of Melaleuca bracteata 

III, 298 

-assay I, 582, 585, 586; II, 433 

• from cinnamyl ^cohol I, 373 

— — occurrence 1, 424 

— — oxidation 0, 430, footnote 


Cinnamic acid prepatation I, 4^ 

— — semioxamazhne 1; 586 
Gnnamomum Burmanni l\, 

— Camphora II, 447 

— — X glanduliferum II, 477 

— Cassia II, 418 

— Culilawan II, 439, 489 

— glanduliferum II, 443 

— iners II, 447 

— japonicum II, 446 

— Kiamis II, 438, 489 

— LaubatiiW, 440, footnote, 442, footnote 

— Loureirii II, 437 

— Mercadoi II, 445 

— mindanaense II, 442 

— obtusifoiium II, 437 

— Oliveri II, 440 

— Parthenoxylon II, 442 

— pedatinervium 11, 441 

— pedunculatum, Sintok II, 446 

— Tamala II, 442 

— Wghtii II, 439 

— xanthoneuron II, 489 

— zeylanicum II, 418 
Cinnamomum species of Australia, vena¬ 
tion of leaves and oil contents 

II, 440 

Cinnamon bark, wild 111, 672 

— flower oil II, 426, 435 

— leaf oil II, 423 

— of the Orinoco II, 501 

— oil, Ceylon II, 418 

-history I, 125 

-Chinese II, 426 

-Japanese 11, 437 

-Seychelles II, 418 

— quills II, 423 

— root oil II, 425 

Cinnamyl acetate in cassia oil II, 430 

— alcohol 1, 373 ^ 

-in oil of hyacinth II, 262 

— cinnamate 1, 515 

-in oil of Melaleuca bractelua 

III, 298 

— diphenylurethane I, 374 

— phenylurethane I, 374 

-in Honduras balsam pH 4IJ S©' 





GENBSAL 


697 


CintMmyl phenylurethane in hyacinth oil 
H ; 261 

*-1?) In Peru balsam oil II, 363 

— preservative action on cinnamic alde¬ 

hyde II, 430, footnote 
Cmocep/iatus ovatus, suaveo/ens I, 504 
Grcatatoria, history I, 209 
Gn partumie I, 249 
Grsiuw arvense I, 532 
Gstacese III, 178 
Gstos cret/cus III, 178 

— ladaniferus III, 178, 179 

— monspeliensis III, 180 

— saMifolias III, 180 
Cistus leaf oils III, 179* 

Citral I, 408 

— from geranioi I, 358, 409 

-linalool, I, 355, 409 

-nerol I, 409 

— assay I, 582, 585; III, 30, 34 
-in lemon oil 1, 587 

--acc. to Bruylants III, 36 

--Chace III, 38 

-— Garnett 111, 30 

■-Hiltner III, 40 

-Kieber III, 41 

-Parry m, 32 

--Romeo III, 64 

-Pother III, 35 

-Sadtler III, 33 

— -Soldaini and Bert6 ! 

Ill, 31 I 

-Walther III, 30 I 

— content in |ava citronella oil 11,240 | 

— in the oil of an unknown Andropo- 

gon species II, 196 I 

--of Gtnis hystrix III, 106 ! 

- Eugenia occtusa III, 212 I 

- Ocimumpihsum\\\,5&2 \ 

:■ -Japanese pepper oil II, 626 

-- detection I, ^38 | 

—'•separation from citronellol and 1 

. methylheptenone 1, 414 

— viscosity number III, 47 

— a and b 1, 413 

Cilia&tydrosulphonlc acid derivative ' 

428; in, 34 1 


Citral oxide i, 526 

Citral-K-semi carbazone, preparation 1,413 
Citraptenef?) in cedro oil III, 78 

— in lemon oil III, 28 

I-West Indian Limette oil III, 80 

Citrene III, 25 

— viscosity number III, 57 
Citric acid, lime test according to 

DenigJs III, 75 

-esters, detection in bergamot oil 

III, 73, 74 

-triethyl ester see triethyl citrate 

Citriodora aldehyde II, 196, 197 
Citronella leaves III, 191 
Citronellal I, 414 

— assay I, 417; II, 231, 233 
-- from citronellol 1, 367 

— introduction of name II, 226 

— (?) in the oil of Cupressus Lamber- 

tiana II, 158 

- - Ocimum pihsumWX,^ 

— separation from citral 1, 417 

— oxide I, 526 

— semicarbazone 1, 419 
Citronella plantations, Ceylon, yield 

11 , 221 

— districts in Ceylon (map) II 226 

— fruits II, 499 

— grass, experimental culture of Maha- 

pangiri-C. II, 238 

— plantations and distillation in Java 

(illustr.) II, 239 

— oil II, 216 
-Ceylon II, 218 

-stills (illustrations) II, 221, 223. 

-examination II, 229 

-statistics (curve) II, 224 

-adulterations II, 236 

— — production in German MewCuinea 

11, 242 

-Jamaica II, 242 

— - Java II, 2^ .. , 

— — — oil content and stage of de¬ 

velopment II, 237 

-Seychelles II, 242 , ', 

— — adulteration with cocoa null oil 

1.614 ' ..1 
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Citronella oil from different sources 
II, 242 

-the Malay peninsula il, 242 

Citronellol I, 363 

— as adulterant of rose oil II, 571 

— assay 1, 368, 580 

— from citronellal I, 416 
-geranic acid I, 362 

— in camphor oil II, 463 

Shd-Gy5 oil III, 671 

— separation from geraniol 1, 362, 365 

— so-called II, 226 
rf-Citronellol of Verbena oil ill, 408 
Citronellol esters, preparation I, 368 
Citronellone II, 226 

Citronellic acid I, 419, 600 
-from citronellal by oxidation 

I, 419; II, 236 

-in the oil of Barosma i)ulchella 

II, 642 

Citronellyl acetate I, 512 
-in Ceylon citronella oil II, 227 

— butyrate in Ceylon citronella oil 11,227 

— pyruvic acid ester I, 368 
■i-CitroneIlyI-/S-cinchoninic acid 1, 420 
Citronellyl formate I, 511 
Citronellylidene acetone I, 413 

— cyanacetic acid I, 413 
Citronellyl-^-naphthocinchoninic acid 

I, 356, 412 
3itron oil III, 77 

Citrosma Apiosycc, cujahana oligandra 

II, 417 

Otrus Aurantium Blanco III, 107 

-L. subspee. amara L. Ill, 56, 88 

- Bergamia III, 58 

- sinensis III, 52 

-Risso III, 53, 99 

-var. dtiJce III, 53 

— Bergamia Risso III, 58 

— Bigaradia Risso III, 56, 88, 101 

— decumana HI, 87 

— bystrix HI, 106 

— Limetta III, 82, 83 
- vulgaris HI, 82 

— Limonum III, 7 

— Lamina III, 77, 82 


Citrus madurensis III, 83 

— medica I, 532 
-III, 7 

-var. acida HI, 78, 81 

- citrea, gibbocarpa, rhegina, 

vulgaris HI, 77 

-subspee. Limonum III, 7 

— nobilis III, 83 

— Papedia HI, 106 

— reticulata, trifoliata, triptera 111, 106 

— vulgaris Risso III, 52 
Citrylidene cyanacetic acid, determina¬ 
tion of citral as HI, 32 

— -preparation I, 413 

Citryl-/S-naphthocinchoninic acid I, 356, 

417 

Claisen I, 513 
Claudon HI, 157 

C/ausena Anisum-olens, Willdenowii 
II, 647 

Clear oil H, 98 

Clemens VII I, 140 

Clement 11, 39, 41 

de Clercq 11, 176, 177, 447, 499 

Climate and composition of oils I, 272 

Clio II, 266, footnote 

Clip buchu H, 639 

CloSz H, 410; III, 246, 602 

Clove oil III, 195 

— — history I, 161 

— bark oil II, 488 

— stem oil III, 207 

-history 1, 163 

Clovene I, 333, 341 

Clover 1, 315; II, 601; HI, 134, 135, 175 
to 177 

— oils II, 610 

Cloves, production area (map) III, 198 
Clusius I, 121, 161 
Cluytia oblongifolia 1, 505 
Coblentz 11, 250 
Coca leaf oil 11, 623 
Cochet-Cochet II, 552 
Cochin grass H, 193 
Cochlearia Armoraria I, 546; H, 510,516 , 

— officinalis 11, 510, 513 
Cocking II, 598 
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Cocoa nut oil, detection in volatile oils 

I , 6U 

-as adulterant of cananga oil 

II, 404 

-lemon grass oil 

II, 199 

--palmarosaoil II, 186 

-volatile II, 251 

Cocos nucifera II, 251 
Caelum philosophorum 1, 31, 32 
Coerulein see azulene 

— in chamomile oil III, 622 

Coffea densiflora, lepidoph/oia, liberica, 
stenopby/fa I, 506 
Cognac oil 111, 154 
Cohn I, 90 
Collan III, 383 
Collin II, 88 
Collins ill, 119, 244 
Co/ocasia gigantea 1, 532 
Colombo root oil II, 373 
Colonial pine II, 10 
Colophonia mauritiana III, 139 
Colophony as adulterant of cassia oil 
II, 431 

— detection with lead acetate II, 423 
Colson II, 15 

Columella I, 133, 146, 172, 189 
Colza cakes II, 527 
Combretum constrictum 1, 532 
Combustion method for the detection 
of chlorine 1, 609 
Commiphora species III, 110 

— erythnea, e. var. glabrcscens 111, 113 

— Myrrha var. Molmol III, 111 
-f Opobalsamum III, 115 
Commock oil II, 610 
Commodorus I, 179 
Compendium aromatariorum I, 139 
Compositae III, 595 

Compound m. p. 60 to 61° in oil of long 
Ceylon cardamoms H, 288 

-138° In oil of black pepper 

il, 297 

-165 to 166° in juniper oil II, 163 

--180° in ylang ylang oil II, 398 

— CeHioSs in garlic oil II, 259 


699 

— CbHuO in ndedle oil of Pinas mon- 

tana II, 121 

— CaHwSa in asafetida oil III, 369 

— CgHieO: in Kauri copal oil II, 9 

— CioHiiO:(f) in oil of Thuja plicata 

II, 153 

— CiuHuOj from safrol I, 486 

— CioHioO in bupleurum oil III, 313 

— CioHiaO in oil of Nonodora grandi- 

flora II, 407 

— (CioHieOjn in asafetida oil III, 369 

— CioHieOa from turpentine oil II, 37 

— CioHmO., from caryophyllene 1, 333 

— CisHuOa in oil of Artemisia iavan- 

dulaefoiia III, 653 

CnHaiOa in oil of sweet birch II, 321 

— CuH-uO in needle oil from Pinus 

montana II, 121 

— CnHsaO in needle oil from Pinus 

montana II, 121 

— CisHaoOa in carrot oil III, 381 

— CwH-mOb in champaca oil II, 376 

— CjoHm in oil of Phyllociadus rhom- 

hoidalis II, 8 

— CjoHiOb (?) in oil of lily of the valley 

II, 262 

— CauHaaOr,!?) in oil of savin II, 173 

— (C. 2 ,H.,oO)c in clove stem oil 111, 209 

— (CaiHjoO)r, in West Indian sandal 

wood oil 111, 109 

— aldehyde-like in savin oil II, 174 

— solid from eucalyptus oils upon 

standing III, 261 

-long cardamoms II, 288 

~ m. p. 69° in arnica root oil ill, 657 

-116 to 117° in oil of Citrus 

reticulata III, 107 

-160 to 163° in oil of Mono- 

dora grandiflora 11, 407 

-164°fromoilof Aperiowong 

II, 301 

-164 to 165° from bitter fennel 

oil 111, 356 
Compton II, 579 
Comptonia asp/enifo/ia II, 3i7 
Comstock I, 96 
Concrete oils i, 251 
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Condurango bark oH HI, 674 
Congealing point 1, 563, 565 
Coniferin for the production of vanillin 
!, 429 

Conima resin oil III, 131 
Conium macfi/atum HI, 310 
Conradson II, 34 
Conroy II, 346 
Constantine VII I, 138 
Cdnstantinus Africanus I, 120, 194 
Conti 1, 110 

Convallaria majalis II, 262 
Convolvulus fhridus III, 403 

— scoparius III, 403, 404 
Cootabah III, 232 
Coolybah HI, 273 
Copahu II, 479 
Copaiba paupcra II, 592 

Copaiba balsam, East Indian III, 170 

-as adulterant of peppermint oil 

III, 519 

— — oil II, 592 

— -African II, 598 

-Bolivian II, 594 

--from British- and Dutch- 

Guayana II, 594 

--adulteration with gurjun bal¬ 
sam oil ii, 598 

—- ^-as adulterant of anise oil 

III, 343 

Copaifera Demeusii II, 603 

— Guibortiana II, 602 

— guyanensis II, 592 

— Langsdorflii II, 592, footnote 

— officinalis, oblongifolia, ngida II, 592 

— Safikounda I, 521 
Copaf limdn III, 119 

Copal oil as adulterant of turpentine 
oil Ii, 51 

— oils II, 602 

- of the LeguminossB II, 602 

—r- Pinacex II, 9 

de Cordemoy II, 614 
Cordia asperrima I, 425, 3(B 
Cordus, Valerius I, 44, 50, 74, 94, 112, 
, 113, 115, 117, 123, 128,154,156, 

164,173,179,185,190,218 


Coriander oi] III, 306 

-history 1,168 

-changes in plant while maturihg; 

adulteration III, 309 
Coriandrol HI, 307 
Coriandrum sativum III, 306 
Cornering II, 60 
Corps epuisd I, 262, 266 
Correll III, 490 

Cortex caryophyllatus II, 488 

— Chinx de China nova I, 158 

— Cufifabani Papuanus li, 489 

— novx.seu ShacoriHx I, 158 
Corylus Avellana II, 325 
Corynocarpin i, 534 
Corynocarpus Ixvigata I, 533 
Cost£us I, 205 

I Coste II, 38, 39 

I a- and /S-Costene in costus oil HI, 662 
' Costol in costus oil HI, 661 
Costus speciosus HI, 659 
Costuslactone in costus oil III, 660 
Costus acid in costus oil III, 660 

— root oil III, 659 

-- history I, 199 

j Cotinus coggygria HI, 152 
Cotoneastcr afiinis, bacillaris, buxi- 
I foiia, Prancheti, frigida, horizon- 

talis, integerrima, microphylia, 
multiflora, panosa, thymxfolia 
I, 533 

Coto bark, false designation 11, 415, 
footnote 

-new II, 501 

-oil II, 415 

o-Coumaric acid i, 427 
I o- and p-Coumaric aldehyde methyl 
! ether I, 427 

; Coumarin 1, 520 
{ — as adulterant of vanillin 1, 429 
I Courroie 11, 77 
Courtauld H, 579 
Cowley HI, 212, 299 
Cownley III, 586 
Crampon II, 72 
Craster ilj, 196 
1 Cratxgus orientalis 1, 533 
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Cratiegus o^aatnfha I, 426, 533 

Creitier TII, 110, 140 

Crep/s fOitida I, 425 

Cresol in ylang ylang oil II, 398, 400 

/>-Cresol (?) in oil of wallflowers II, 533 

— methyl ether in ylang ylang oil II, 398 
CrSvost 11, 448 

Cripps 1, 569; III, 419 
Crismer 111, 28, 64 

Crithmene in Italian oil of Crithmum 
maritimum III, 347 
~ siciHum III, 347 
Croad II, 173 
Crocose II, 265 ^ 

Crocus sativus II, 265 

Croton CascarWa, Eluteria III, 144 

— gratissimus III, 146 
Crotonic acid nitrile I, 535 
Crotonyl mustard oil I, 550 

-in oil of Brassica juncea II, 527 

Croutes II, 77 

Crouzel II, 294 
Cruciferaa II, 510 

Cryptene in the oil of Cryptomeria 
japonica II, 137 
Cryptocaria moschata II, 520 

— pretiosa II, 415, footnote, 500 
Cryptolepis laxiflora I, 505 
Cryptomeria japonica II, 137 
Cryptomeriol in oil of Cryptomeria 

japonica II, 138 
Cuban pine II, 57 
Cubeba officinalis II, 298 
Cubebs, false II, 301 
Cubeb camphor I, 402; II, 300 

— oil II, 298 

Cucapjita, history I, 201, 203, 20i 

CuiUWan oil II, 439 

Cuminic aldehyde I, 422; III, 315 

— in eucalyptus oils ill, 265 

^ -f — oil of Prostantbera cineoiifera 
. ■ 111,420 

reduced, in cumin oil III, 318 
Ciiigin alcohol in campher oil II, 463 
tl^ol 1, 422; III, 315 
oil III, 314 
,,jr hiatoiy 1, 169 


Cumin oil, Persian 111, 340 
Cuminum Cyminum III, 314 
Cuminylamine 1, 326 
Cunifa gafioides, Mariana, origanoides 
• III, 500 

Cup and Gutter-System II, 60 
Cupania I, 532 
Cupil furnaces 1, 217 
Ctipressas australis II, 146 

— fastigiata II, 154 

— giauca 11, 158 

— japonica II, 137 

— Lambertiana II, 158 
— Lawsoniana II, 159 

— lusitanica 11, 158 

— macrocarpa II, 158 

— penduia II, 158 

— sempervirens I, 283; II, 154, 157 

— sinensis, Uhdeana II, 158 
Curcuma ionga II, 272 

— Zedoaria, Zerumbet II, 274 
Curcuma oil II, 272 
Curcuma acid II, 274 
Curcumone 11, 273 
Cus-Cus II, 209 

Cuscuta as enemy to lavender III, 432 
Cusparia trifoliata II, 645 
Cut tail III, 268 
Cyanallyl I, 547 

Cyanogen hydride see Hydrocyanic acid 
Cyclamen fatifoiium III, 395 
Cyclene I, 304 

d‘-Cyclocitral for the preparation of 
irone I, 420 

Cyclogeraniol from geraniol 1, 359 
d*-Cyclogeranic acid I, 470 
Cyclopia genistoides II, 608 
Cyciostemon macrophyifus \, 505 
Cymbopogon csesius II, 246 

— citratus II, 192, 195, 202; 207- 

— coioratus II, 246 

— confertifiorus II, 217 
I — fiexuosos II, 192 

I — fwarancusa II, 247 
i — Martini, var. Motia and Sofia, Mar- 
tinianus II, 178 
I , — Nardus II, 217 



General Index. 


702 

Cympopogon Nardus var. canfertiflonis \ 
and Linnmi II, 2+3 | 

— pendulus II, 207 j 

— po/yneuros II, 245 

— Schcpnanthus II, 244 

— sennaarensis II, 247 

— W/nterianus II, 218 
Cymbopogon oils II, 178 

— — history 1, 101 

Cymene (?) in turpentine oii II, 25 
m-Cymene I, 282 

— from fenchone I, 460 
p-Cymene I, 282 

— from camphor I, 456 

-citral I, 410 

-citronellal 1, 416 

-limonene I, 309 

-star anise oil II, 384 

-terpinenol-1 I, 382 

-terpinenol-4 I, 383 

— in oil of Prostanthera cineulifera 

III, 420 

-French oii of Crithmum mariti- 

mum III, 348 

-Italian oil of Crithmum mariti- 

mum III, 349 

— frankincense oil III, 117 
p-Cymenesulphonic acid (amide) 

I, 284 

Cynocephalus ovatus I, 505 
Cynene III, 637 

Cypral in the oil of Taxodium distichum 

II, 139 

Cypress pine II, 142 to 149 
Cypresse des Montezuma II, 138, foot¬ 
note 

Cypressene in the oil of Taxodium 
distichum II, 138 
Cypress camphor I, 401 

— fruit oil II, 157 

— oil II, 154 

p -history 1, 98 

-medicinal use II, 157 

Cyrtosperma lasioides, Merkusii 
1,532 

Czapek II, 511 
Czerkis II, 329 


D 

Dacrydene in the oil of Dacrydium 
Frankiinii II, 7 
Dacrydium Frankiinii II, 7 
Dacryodes hexandra I, 316; 111, 141 
Daiso-I^ui-Shu-Ho I, 193 
Daibergia Cumingiana II, 613 
Dale I, 161 
Damascenine II, 371 
Damiana leaf oil III, 183 
Dammara australis II, 8 

— robusfa II, 10 
Dammar resin oil III, 178 
Danjou 111, 589 

Daon rceroekae cetan III, 573 
Darrin II, 92 
Darzens II, 400 
Darwinia fascicularis 111, 303 

— taxifolia III, 304 
Datura Stramonium III, 583 
Daube 11, 272 

Daucol in carrot oil 111, 381 
Daucus carota 111, 381 
Daufresne I, 427; III, 634, 635 
Davenport 111, 58, 79 
Davidson II, 448, 450, 461 
Davies 1, 569; 111, 161 
Decylic aldehyde I, 407 

-determination in sweet orange oil 

ill, 56 

-(?) in the oil of Fagara xanthoxy- 

hides II, 631 

-as adulterant of rose oil II, 575 

p-Decylic aldehyde in ginger oil II, 284 

Difleurage and enfleurage (figs.) 1,261 

Dehne I, 107, 129, 130, 170; II, 265 

Deiman I, 76 

Dekker III, 140 

Delafontaine 11, 606 

De Laet I, 130 

Oel6pine III, 348 

Delffs III, 156 

Delft grass oil II, 245 

Della decima 1, 108 

Delphin 111, 441 

Demachy I, 186, 187 
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Demarjay III, 615 
Demarson I, 145 
Denigis 111, 75 
Denis 1, 587 
Denniston 111, 639 
Deroy Fils Am6 1, 253 
Desmouli6re III, 182 
Dessaignes III, 627 
DestiUatio pan/s I, 209 

— per descensum I, 216 

- ventrum equinum, so/Js 1, 209 

Determination of alcohols I, 575 
-aldehydes and ketones J, 581 

— — anisic aldehyde I. 584 

— ~ anthranilic acid methyl ester 1,544 
-benzaldehyde 1, 584, 587 

— — carvacrol I, 594 

-carvone 1, 585, 589 

-cineol 1, 600 

-cinnamic aldehyde I, 582, 585 

-according to Hanus I, 586 

-citral I, 585 

— -in oil of lemon I, 587 

-citronellal I, 589 

-citronellol 1, 580 

-esters I, 570 

-eugenol 1, 591, 596 

-hydrocyanic acid I, 603 

-- — according to Vielhaber I, 604 

-ionone I, 468 

-menthone I, 590 

-methyl anthranilic acid methyl 

ester I, 545 

-methyl number I, 598 

-mustard oil 1, 605 

-phenyl acetaldehyde I, 584 

-pulegone I, 585, 589 

-thymol I, 594 

-vanillin I, 588 

-- viscosity 1, 568 

Development of plant and composition 
of volatile oils I, 271 
DistiHttlon, downward, history 1, 216 

— tnactlonal, interrupted 1, 565 
with steam under pressure 1, 232 

DIstiilation, nature of during‘antiquity 
1, 37 
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Distillation nature of and composition 
of volatile oils I, 271 

— apparatus, older (figs.) I, 47, 42,203, 

to 221 

-modern (figs.) 1, 225, 241 

— treatises on 1, 439 

Deussen I, 322, 533, 612; II, 314, 328, 
576, 595 to 598, 600; III, 109,173, 
174, 205, 209, 381 • 

Deville II, 604; III, 132 
I Dewey II, 152; III, 522 
Dheliim III, 563 

— Oiitan 111, 564 

— Wangi III, 564 
Dhurrin 1, 534 
Diacetyl I, 348, 435 

— in aqueous distillate of angelica 

111, .365 

Diethyl oxalate, saponification III, 73 

— succinate, detection III, 73 

-as adulterant 1, 636 

Dibromo menthone I, 453, 490 

— myristicin dibromide 1, 489 
n-Dicarvelone 1, 442 
Dickson II, 93 

Dicypelliuni caryophyllatiim II, 488 

Diels III, 253 

Diesel III, 111 

Dieterich, E. I, 608; II, 519 

— K. 1, 607, 608; II, 541; Ill, 140 
Dieterich's mustard oil assay I, 607, 

608 

Diethyl succinate for increasing the 
ester content I, 615 
Dietze II, 574 
Digger pine li, 93 

Dihydrobenzoic acid (?) in Peru balsam 
oil II, 605 

Dihydrocarveol I, 385, 442 

— identification I, 386 
Dihydrocarveol acetate, bearer of odor 

of spearmint oil III, 557 

— from dihydrocarveol I, 403, 467 
Dihydrocarvone I, 442, 449 
Dihydrocarvylamine I, 325 

— from carvone 1, 442 
Dihydrocedrene II, 168 
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Dihydrocostuslactone in cdstus oil 
III, 660 

Dihydrocuminic aldehyde I, 326 
— = pefilla aldehyde 111, 560 

-from dihydrocuminic alcohol 

I, 374 

-in bupleurum oil III, 313 

- alcohol I, 326, 874; II, 191 

-in bergamot oil 111, 63 

-spearmint oil III, 556 

-savin oil 11, 174 

Dihydroeudesmene, dihydroeudesmol 
111, 271 

Dihydroeugenol methylether (?) in 
laserpitium oil III, 382 
Dihydrofencholenic acid amid I, 460 
Dihydromyrcene (tetrabromide) I, 280 
Dihydronerol = bupleurol? Ill, 314 
Dihydroocimene I, 280 
Dihydroterpene in the oil oi Pittosporum 
pentandrum II, 539 
-- resiniferum II, 538 


Dl-p-ihethOKy8tllben« I, 478; 111, 344 
Dimethylacetonylacetone I, ^ 
/$,,$-Dimethylacrylic acid in oil of Peuce- 
danum Ostruthiu^ 01, 674 
Dlmethyisucclnic acid from caryo- 
phyllene I, 333 

a,ai-Dimethylfurane in pine tar oils 
II, 104 

Dimethylfurfurol in clove oil III, 206 
Dimethylheptenol in Cayenne linaloe oil 
II, 482 

d'-(u>-)DimethyllevuIinic acid from thuja- 
k^tonic acid 1, 463 

Oimethylmalonic acid from fenchoae 
I, 459 ' 

2.6- Dimethyloctane from geraniol I, 359 
-linalool 1, 356 

2.6- Dimethyloctanol-8 from geraniol 

1, 359 

— — linalool I, 356 
Dimethyl'2,6-octen-2-ol-8 — citronellol 
I, 368 


Oihydroumbellulol, |tf-Dihydroum- 
bellulone II, 486 
Dihydrovetivenol II, 215 
Dihydro-m-xylene I, 437 
Dihydroxydihydrosantalol II, 344 
van Dijk I, 226 
DUem III, 563 
Dilem oil III, 570 
Dill apiol I, 491 

— — in the oil of Piper acutifolium 

var. subverbascifoUum II, 305 

— /soapiol 1, 492 

-in the oil of Piper acutifoiium 

vat. subverbascifoUum II, 307 

— herb oil III, 375 

— oil lU, 373 

— — history I, 181 

— — Cast Indian 111, 375 
Dimenthyl oxalate, dimenthyl subcinate 

1, 389 

Dbnethoxybenzoic acid from methyl- 
• " eugenol I, 484 
Dilhetboxy'2,3.methylenedioxy4,5-hy- 
dratropaaldehyde from dill apiol 
HI,, 348 


j Dimethylsulphate, solubility of turpen- 
I tine oil in II, 18 
I Dimethylsulphide I, 346 

— in oil of Brassica juncea II, 525 
Dimethyltricarballylic acid from 

fenchone I, 460 
Dimorphoteca pluvialis 1, 532 
Dingier I, 226, 229 
Dinitroaceto-tert-butyltoluene 1, 539 
I Dinitroaceto-tert.-butyixylene I, 539 
Dinitro-tert.-butyllodoxylene I, 538 
Dinitro-tert-butyixylyl aldehyde I, 539 

— cyanide I, 539 

Dinitrobutyryl-tert.-butylxylene 1, 539 
Dinitrovaleryl-tert-butylxylene I, 539 
Diodor 1, 101 

Diolalcohol CioHi«Oa from diosphenol 
I, 494 

I Dioscorides I, 19, footnote, 37, 92, 98, 
100, 101, 111, 113, 122, 133, m, 
I 138, 142, 146, 155, 129, 172,177, 

i 179, 184, 189, 193, 196,199, 20B, 

j 202,203 
I Diosma hagraas II, 639 
I — succulenta-W, 643 
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GeheraL Index, 


Piosphciibl I, 493; II, 640 
, DIosphenoI phenylurethane I, 494 
Diospyros acuminata, aurea, cauUflora, 
Qarderi I, 505 

Dihydroxycumarin, methylated III, 29 

— monomethylether III, 64 
a,«'-Dihydroxy-a-methylV./sopropyl- 

adipinic acid I, 320, 321, 382, 383 
Dihydroxythymoquinone in oil of 
Monarda fistulosa 111, 466 
2,4-Dihydroxycinnamic acid lactone 
III, 626 
'Dip 11, 61 

Dipentene 1, 309, 311 

— from cineol I, 528 

-geraniol 1, 359 

-n-terpineol I, 378 

— in Borneo camphor oil 111, 170 

-the oil of Cal/itris arenosa II, 144 

-—- calcarata II, 146 

-— Drummond a II, 147 

-—- intratropica II, 145 

-- Macleayana II, 149 

— (?)-— rhomboidea II, 147 

-— — robusta II, 141 

- yerrucosa 11, 142 

- Canarium viUosum 

III, 136 

— -- pngapg xanthoxyloides 

II, 631 

-Dutch myrtle oil II, 315 

-French oil of Crithmum mariti- 

mum III, 348 

-grape fruit oil III, 87 

-Manila copal oil II, 9 

-Cayenne linaloe oil II, 481 

—(?) in Manila copal oil II, 10 

— in oil of Peucedamim Ostruthium 

in, 674 

— — - Pherosphxra Pitzgeraldi 

II, 6 

- ShO-Gyu oil III, 671 

— ^ Star anise oil II, 384 

^ Indian turpentine oil II, 83 
** — Russian turpentin oil II, 80 I 
— Wood turpentine oil II, 100 
Vu-)u oil III, 672 I 

; V ' '(iltWMEISTER, The VOLXTItE OILS. Ill, 


Dipentene identification i, 314 

— dihydrochloride I, 313 

— hitrosochloride i, 314 
Diptam DostenOi III, 476 
Dipterocarpacese III, 164 
Dipterocarpus alatus III, 170 

— anisoptera III, 177 

— grandiflulls III, 175 

— Qriffithii 111, 170 

— fiasseltii III, 177 

— incanus, Isevis, obtusifoHus, pilosus 

111, 170 

— triiiervis 111, 177 

— tubercu/atus III, 170 

— turbinatus 111, 170, 172 

— vernicifluus III, 177 
Dipteryx odorata I, 521 

-- oppositifolia, pteropus I, 521 
Dispensatoria I, 57 
Dispensatorium Noricum I, 58, 60, 104, 
109, 115, 116, 124, 128, 146,150, 
151, 154, 156, 159, 161, 164,168, 
170, 172, 173, 176, 178, 179,185, 
187, 188, 189, 190, 193, 198, 199 
Distillation a cm, a tirbbenthine II, 73 

— test for cassia oil II, 432 
Districts of lavender and spike oil 

distillation in southern France 
(map) III, 427 

Disulphide CeHijSi, in asafetida oil 
III, 369 

— — garlic oil II, 259 

-onion oil II, 260 

Diterebene I, 82 

— in oil of poplar buds ii, 314 
Dittany 111, 500 

Divizia III, 644 
Djamboe leaves III, 187 
D/ercek pcenet III, 106 
Dodecatheon Meodia III, 395 
Dodge I, 363; II, 196, 226, 284, 583 
Doebner 1, 356, 413; II, 197, 547, 626; 
III, 26 

Doering III, 500 
Dog fennel 111, 595 
Dog's tongue III, 598 
DoUchos Lablab I, 532 

45 
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Donk n, 30; 66, 98, 

Doomyl^ Amando .van i, 127 
Dorema ^motiiaaim III, 371 
Dorronsoro 111, 497, 498 
Doste III, 482 

Poueh.fermentlng,as source of heat 1,209 
Douglas fir U, 91, 92 
— — needle oil II, 31 
Doveri III, 494 
Downer 1, 560 

Downward distillation, history I, 215 

Dowzard 1, 560; II, 90; 111, 47 

Dozkraut III, 638 

Dragendorff II, 633 

Dragonic acid == anisic acid III, 634 

Dreckholz II, 326 

Drescher II, 14 

JDrimys Winteri II, 393 

Dronke I, 522 

Drooping gum III, 259 

DrvsenO/ III, 154 

Dryobalanops aromatica, Camphora 
III, 164 
Dschabir I, 21 
Dubroca II, IS, 74 
Ducellier II, 614 
Ducher III, 392 
Dulibre III, 108 
Dulong II, 297 

Dumas I, 78, 79, 94, 100, 128,134,165, 
173; II, 163,172,173,267,286,296, 
314,418,425,429,545; III, 22, 437, 
577 

DupimeJe II, 624 
Punbjar I, 587 
Duncan II, 454 
Dundathu pine II, 10 
Duitttan n, 297, 325, 326; 111, 586 
' Dunwody II, 33 

Dupont I, 89; II, 231,233,241,564,570; 

HI, 448, 577 
DuiVe1iei,'90 , 

. Dutch myrtle Wfwets II, 316 
Duyk I, S70 ; 

: O^odt jl, 178,184, 210, 245, 247,274, 
; ■ 62/:lll, :iJ0, 172, 372, 606 
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Eaglfrwopd H, 543 
Eastbum 11, M, 173. 

— see also Henderson 

East Indian geranium oil II, 178 

-oak II, 180 

Eaton II, 242, 252, 454 
Eau de Cologne I, 67, 189 

— des Carnes I, 189 

Eberhardt II, 296, 379, 382, 390, 437 
Eberwurz III, 657 
Ebn Attafir I, 25, 138 
Echinocarpus Sigun I, 533 
Echtermeyer IK, 619 
Eckart II, 567, 570 
Ecuelle a piquer III, 2, 79 
Ecuelled essence of limes III, 78 
Edelschafgarbe III, 619 
Edeltanne, distillation of cones (illustr.) 
II, 114 

— Siberian II, 86, 112 
EdeltannennadelOl II, 112 
EdelteumensamenOI II, 122 

Edrisi 1, 108, 112, 116, 146, 169, 177 
Eger II, 596 
Eggers 11, 353 

Egyptians, distillation practiced by 1,17 
Ehmann I, 599 
Ehrenberg II, 5 

Ehrwein HI, 617, 625, 638, 655 

Eibisch III, 159 

Eibner 11, 38, 597 

Eichenmoos, oil of II, 2 

Einhof II, 517 

El Razi I, 205 

Ela I, 111 

Elseocarpus resinosus I, 505 
Elaeoptene 1, 77 
Elaphriam Aloexylon III, 118 
Elateriospermum Tapos I, 532 

— Tokbrai 1, 505 
Elecampane camphor I, 523 

— oil HI, 608 

— history of I, 196 
Elemicln I, 488 ,, 

— in the wood oil of 

glattdulifemm 11, 445 
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V; oiC^tory I, 156 

! ~ — Caran^ 

— — Cameroon III, 140 

— — Manila III, 131 

-Mauritius -Ill, 139 ‘ 

— ^ Nigeria 111, 140 

— — Uganda, Yucatan III, 138 
-West Indian 111, 141 

. GeHaria Cardamomum var. //, major 
II, 287 

Eliason III, 588 
Elieson III, 643 
Etsholtzia cristata III, 562 
Elsholtzia ketone in oil, oi Elsholtzia 
cristata HI, 562 

Elae I, 391; II, 174, 189, 324, 378, 400, 
604, 605, 612; III, 63, 186, 400, 
439, 556, 557, 644 
Embryophyta asiphonogama II, 3 

— siphonogama II, 6 
Emerson II, 452, 454 
Emmanuel II, 87; III, 179 
Emmerich II, 90 

Empieurum serrulatum II, 639, 644 
Empyreumatic odor I, 556 
van Emster II, 304 
Emulsin I, 534; II, 579 
Enfleurage b froid I, 256 
- chaud I, 264 

— and Difteurage (figs.) I, 258 
Engelmann spruce II, 133 
Engels III, 97 

Engidnder II, 595 

Engler, A. II, 351, 588,599; 111, 110,195 
~ C. II, 27 

Enklaar I, 280,281, 354,359; II, 261,316 
Epirixanthes cylindrica, elongata 1,305 
Eraain II, 94 

&i>a Santa Maria III, 653 
Erdmann, E I, 332, 361, 364, 431, 562; 
111, .95, 96, 104,106, 204, 205,208, 

Oflfl 

-s^ i, 3Sli IB, 96, 97, 104, 106, 399 
j^iic^itaB biaracifoiia III, 654 
4-1« admixture to peppermint III, 524 
r^j^fttiwiarea I, 426 


707 

Ericaceae III, 382 

Erigeron canadensis as- admixture to 
peppermint III, 524 
Erigeron oil III, 601 
Eriobotrya japonica I, 533 
Erienmeyer sen. I, 165 
Eruca sativa II, 517 
Eryngium campcstre, faetidum III, 305 
Eryophyes Menthse III, 543 
Erysimum arkansanum, asperum II, 534 

— Perovskianum II, 532 

Erysolin in the oil of Erysimum Perovs¬ 
kianum II, 532 

Erythritol CioHij(OH )4 from y-terpinene 
I, 320 

Erytbroxyiacex II, 623 
Erythroxyion boiivianum. Coca I, 505 

— Coca var. Spruceanum II, 623 
Escouarte 11, 72 

Esdragon oil 111, 633 
Eseis-Fencbel, Sicilian III, 357 
Eskew III, 601 

Esparsette as fertilising crop for lavender 
III, 432 

Espliego 111, 443 
Essence d’Absintbe HI, 638 
- d’Amandes Amires II, 577 

— d’Aneth 111, 373 

~ d’Angblique III, 363 

— d’Anis III, 341 

— d'Ans6rine vermifuge II, 359 

— d’Asaret II, 352 

— d’Aspic III, 441 

— d’AziUa H, 479 

— de Badiane II, 379 
- Basiiic III, 575 

- Baume de Copahu II, 592 

- Gurjun III, 170 

-— Pirou II, 604 

- Tolu II, 603 

- Bay HI, 190 

- Bergamote HI, 58 

- Betel II, M9 ’ 

-£efu7a 11, 318 

-. Bois de Cbdre II, 164 

- Gayac II, 624 ,, 

- Bjtodes, fiose .Bl, 403 

m 
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Essence de Bois de Bose femelle, mile 
11, 479 

- Santa! des Indes Occiden- 

tales 111, 107 
- Bruyire 111, 391 

— - - de Tonkin 111, 147 

- Calamus 11, 252 

- Camomille 111, 621 

-- Bomaine 111, 614 

- Camphre 11, 447 

- Cananga II, 393 

- Cannelle de Ceylan II, 418 

- Chine 11. 426 

- Cardamome II, 284 

-Cam 111, 327 

- Cascarillc 111, 144 

- Cidrat 111, 77 

- Citron III, 7 

- CociiMaria II, 513 

— — Coriandre 111, 306 

- Cubhbe II, 298 

- Cumin 111, 314 

- Cyprbs II, 154 

- Dictame blanc 111, 476 

— d-Elimi 111, 131 

— d’Erigeron 111, 601 

— d’Estragon 111, 633 

— de Penouil 111, 350 
- d’Eau 111, 358 

- PeuiUes de Buccu II, 634 

- Canneiie de Ceyian II, 423 

-- - Cbdre 11, 169 

-- dieri 111, 321 

— -— Jaborandi II, 644 

TT ^ Fustet 111, 152 

- Gaianga II, 274 

- Gaultberia 111, 384 

- Genibvre II, 159 

- Qiranium des indes II, 178 

- Bose II, 613 

— — Gingembre 11, 280 

,- Gingergrass II, 190 

- Gimfle III, 195 

Graines cFAmbrette 111, 160 

— if Hedeoma III, 467 

Houbion II, 326 
' - (TEspagne lU, 482 


Essemx cffiysope HI, 476 

— d'iris concrete II, 265 
T— Jaune de Four II, 105 

— de Kuro moji 11, 502 
- Lauriir II, 504 

I- Laurier-Cerise II, 585 

;- Lavande III, 421 

'- Ledon III, 382 

j- Lemongrass II, 192 

; — — Limette 111, 78 
- Linaloi du Mexique III, 118 

— ■- Livbche III, 361 

i - Mads II, 408 

I- Mandarines III, 83 

I- Marjoiaine 111, 479 

'- Mastice 111, 148 

- Matico II, 302 

I- Menthe cripue III, 553 

■ — — - poivrie Ill, 503 

- Moutarde II, 518 

- Muscade II, 408 

- Myrrhe 111, 110 

- Myrte III, 184 

'- liiroH, Portugal 111, 99 

— d-OUban III, 116 

— d’Orange Bigarade III, 56 
- Portugal III, 52 

— de Patchouli 111, 562 

- Persii III, 323 

- Petitgrain III, 101 

- mandarinier III, 86 

- Piment III, 187 

- Poivre II, 295 

- Pouiiot III, 501 

- Bacine d’Aunie III, 608 

-- Bomarin III, 410 

- Bose II, 549 

- Bue II, 636 

- Sabine II, 171 

- Santa! II, 331 

- Sassafras II, 490 

- Sauge HI, 454 

- Semen-contra d’Amirique H, ^ 

- Sentences de Cilerie HI, 318' 

- Serpentaire du Canada fl, 354 

— — Serpoiet HI, 498 

•- Styrax II, 540 
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Essence de Sumbu! Ill, 371 

— — Tanaisie 111, 628 

^- TMbenthine Amiricaine 11, 57 

- blanche rectiWe 11, 106 

- Eranga/se 11, 69 

- : ~ de fbsine 11, 78 

-- Thuja 11, 149 

- Thym 111, 490 

- Tiges de Qirof/e 111, 207 

- Va/briane 111, 590 

- Verveine des Indes II, 192 

- Vitiver 11, 209 

— d’Ylang-Ylang II, 393 

— de Zbdoaire II, 274 

Essences I, 262 '* 

— concrbtes I, 248, 251, 262; 11, 3 
Essenc/a de Hojas de Laurel II, 416 
Essema di Cedrino, Cedro 111, 77 
Essenzen 111, 2 

Estagnons II, 556 
Ester, determination I, 570 
-- artificial as adulterants 1,615; II, 644; 
111, 68 to 76, 105, 441 

— Identification 1, 502, 615 

— CuH 340 s in wintergreen oil III, 389 

— value I, 571 
Estragol 1, 475; 111, 634 
Ether as solvent I, 248, 249 

-composition of oils from different 

parts of plants 1, 271 

— formation in the plant I, 271 

— occurrence in different paits of 

plants I, 271 

Ethereal oils, relation to other plant con¬ 
stituents 1, 271 

-between composition and soil 

I, 272 

-boiling point I, 274 

^-climate 1, 272 

— -density 1, 273 

-- maturity of plants I, 

272 

_ --method of distil- 

’ ?’ ■ latlon 1, 272 
t — -T. —-polarization I, 273 

— -- refraction 1, 273 

EdiyI acetate I, 507 


Ethyl alcohol 1, 348 
-aldehyde-free,preparation of 111,39 

— — as adulterant 1, 349, 612 

— — in aqueous distillate of angelica 

111, 365 

-in oil of Morinda dtrifolia III, 588 

-see also alcohol and spiritus 

d-Ethyl-n-amyl carbinol in japanese 
peppermint oil 111, 538 
Ethyl-n-amyl ketone I, 434 
—• benzoate 1, 507 
—■ cinnamate 1, 508 
-in oil of Kiempferia Galanga II, 277 

— citrate as adulterant of lavender oil 111, 

441 

— esters in palmetto oil(?) II, 251 
nitrite, preparation of I, 296 

— phenol, see phlorol ill, 656 

— salicylate 1, 508 

— succinate as adulterant of lavender 

oil III, 441 

— tartrate as adulterant of lavender 

oil 111, 441 

— -petitgrain oil 111, 105 

-for increasing the ester content I, 

615 

Ettling 1, 165; II, 545; 111, 591 
Eucalyptol see cineol 
Eucalyptus acaeixformis 111, 228 

— acacioides III, 261, footnote 

— acervula 111, 236 

— acmenoides 111, 272 

— aUinis 111, 230 

— aggregata 111, 287 

— alhens 111, 262 

— arnygdalina, a. vat. Australians, 

a. var. latilolia 111, 278 

— Andrews! Ill, 285 

- angophoroides 111, '268 

— apiculata 111, 288 

— BseuerJeni III, 230 

— Baileyana 111, 291 

— Behriana 111, 238 

— bicolor III, 242 

— Bosistoana III, 235 

— bbtryoides 111, 223 

— briKhypoda part 111, 273 
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Eucalyptus' Bridgesiarik HI, 341, 268 

— calophylta IB, 227 

— Cambagei HI, 255 

— campanulata III, 281 , 

— Camphora HI, 240 

— capitellata III, 271 

— carnea III, 228 

— cinerea HI, 250 

— citriodora III, 288 

— cneorifolia III, 257 

— cdlossea 111, 228 

— conica III, 235 

— cofdata III, 259, 258 

— coriacea HI, 281 

— corymbosa III, 222 

— crebra 111, 275 

— Cunninghamii 111, 258 

— Dawsoni 111, 268 

— dealbata lU, 239 

— Delegatensis HI, 284 

— dextfopinea III, 225 

— d/versicolor III, 228 

— dives 111, 282 

dumosa HI, 244 footnote, 256 

— e/aeopbora III, 255 

— eugenioides III, 235 

— eximia III, 223 

— faJctfoIia 111, 284 
tastigiata III, 268 

— Fletcheri 111, 273 

— Iraxinoides 111, 273 

— -gigantea HI, 377, 284 

— Olobu/us, flowering twig (ill.) HI, 247 

— - oil HI, 244 

— gomphocephala HI, 285 

— goniocalyx III, 242 
-var. pallens HI, 255 

— gracilis III, 261 
' ~ Gunnii III, 259 

: bsmastoma HI, 274 

--var. Ill, 226 
,— bemdampra lU, 234 
bemipbioia III, 262 
r- flookeri HI, 221 
yf'^^.jhcrassata var. dumosa Ml, 256 
^ mtermedia 111, 223, 

IH, 2S2 


EuMlyptus lactea 111);'^1' 

— imopinea, 1. var» mioof Wi, 

— iargifiorens IH," 2^ 

— LeucoxyJon HI, 252 
^ linearis HI, 259 

— longifoiia III, 244 

— Loxopbieba III, 291 

— Luebmanniana IH, 281 

— Macartburi III, 285 

— macrorbyncba HI, 268 

— maculata HI, 232 

— maculosa III, 240 

— Maideni III, 244 

i — marglnata IH, 289 
j — melanopbldia HI, 276 
j — melliodora HI, 258 
j — micrantha 111, 238 

— microcorys III, 232 

I — micropbylla III, 258 
I — microtheca IH, 273 
! — Morrisii HI, 251 
I — Muelleri III, 253 
1 — nervosa III, 3 
j — nigra 111, 271 
I — nova-angUca 111, 224 
j - obliqua HI, 284 

— occidentalis HI, 229 
I — odorata 111, 290 

-var. linearis HI, 261 

— oieosa 111, 261, 257 
I — oreades HI, 282 

— ovalilolia IH, 267 

-var. lanceolata HI, 258 

— paludosa HI, 2.30 
~ paniculata III, 236 

-as protection to limette plan¬ 
tations 111, 79 ■ • 

— patentinervis IH, 288 

— pauciflora III, 281 

— pendula HI, 238 

— Perriniana III, 253 

— phlebophylla HI, 276 

— pilularis III, 272 

— piperita HI, 277 
-var. Ill, 278 

— Planchoolana III, 272 

— ptatypoda III, 223 



Qbneral Index.' 711 


^li^pfus palyMthema III, 237 
p^bractea 111, 255 
'^^opal/totia 111, 243 
propinqua 111, 230 
-r- palveralenta III, 250 

— — vaf. Ibnceolata 111, 251 

— puMgera III, 250 
^. punctata 111, 240 

--var. didyma III, 260 

^ quadrangulata HI, 234 

— radiata HI, 283 . 

— redunca III, 229 

— regnaas HI, 277 

— resinifera HI, 237 

-var. grand/fhra HI, 234 

— rigida III, 250 

— H/sdoni(a) HI, 259 

— robusta HI, 224 

— RodwayiXW, 254 

— Hossii III, 288, 292 

— rostrata 111, 267 

-var. borealis III, 239 

— rubida HI, 231 

— f(udderi HI, 266 

— sa/igna var. pallidivalvis HI, 224 

— sa/monopMo/a HI, 253 

— salubris III, 289 

— Seeana III, 236 

— siderophloia III, 276 

— sideroxyloa HI, 252 
-var. pallens III, 275 

— Sieberiana HI, 282 

— — van Oxhyensis HI, 285 

— signata III, 274 
Smithil HI, 252 

— socialis HI, 257 

— sqdamosa III, 241 

— Staigeriana III, 290 
stef/u/ata III, 286 

^ stricta III, 258 
T Siuirtiana III, 251 

var, cordata IH, 251 
•y- tuniota III, 285 

HI, 260 

bracbycorys HI, 240, footnote 
Jmean's HI, 239 
||Sf|tise//i|r/s HI, 221 


■ Eucalyptus Thozetiana HI, 290 

— Toxophleba III, 291, footnote 

— trachypbloia III, 222 

— triantha III, 272 

— turbinata III, 257 

— umbra HI, 225, 228 

— unialata, uraigera, vernicosa HI, 254 

— vimlnalis HI, 266 

!-var. Ill, 243 

- macrocarpa HI, 254 

— virgata IH, 287 
-var. altior IH, 282 

— viridis HI, 261 

— vitrea HI, 280 ■ 

— Wilkinsoniana HI, 216 

— Woollsiana III, 262 
! — Woollsii IH, 244 

— leaves, transpiration HI, 244 
: - oil III, 213 

-adulteration III, 219 

-asadulterantofcajuput oil 111,295 

I-pennyroyal oil HI, 502 

I-cause of red color HI, 224 

I --from barks III, 675 

I — — history I, 167 

■ -increase in cineol content when 

I stored HI, 234 

[-use in flotation process 111,220,279 

\ — species, oil yield (table) HI, 218 
, — tree (illustr.) HI, 233, %3 
j - trees, cause of their drying effect HI, 
j 245 

I Eudesmene HI, 270 
Eudesmic acid amyl ester in oil of Eucar 
! /yptr/saggregafa,chemicalin,287 

i- saligna var. 

j pallidivalvis HI, 224 

I Eudesmol III, 269 

I — in oil of Eucalyptus amygdalina III, 
280 

- Bseuerleni HI, 230 

- Cambagei HI, 255 ■ ■ 

- campanulata 111, 281 

-_ camphora III, ^ ' 

-^— fastigiata HI, 368,* 

I-:- fraxJnoides HI, 273 

I- Globulus m, 250 
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Eudesmol in oil of Eucalyptus gonio- 
calyx III, 242 

- Macarthuri III, 286 

- macrorhyncha III, 269 \ 

-• - oreades III, 282 I 

- phlebophylla 111, 277 | 

- piperita III, 277 

- regnans 111, 277 

— —- Smithii III, 252 

- stricta III, 258 

- tasniola Ill, 285 

— - virgata III, 287 j 

Eugenia acris Ill, 190 i 

— apicu/ata 111 , 211 | 

— caryophyllata III, 195 

— Cheken III, 210 

-- jamboiana III, 21 1 1 

— occ/usa Ill, 212 I 

— po/yantha, uniflora 111, 212, footnote j 

Eugenol I, 481 j 

— assay of free and total 1, 591, 596 j 

— in oil of Canada snake root II, 356 ' 
- Cinnamomum Sintok II, i 

446 

- Oacrydium Eranklinii II, 7 

-- -- Tamala II, 441 

-- Melaleuca bracteatalll,^7 

- Ocimum minimum III, 580 

-Shd-Gyu oil III, 670 

■- oil of Thea Sasangua III, 163 

-. Yu-)u oil III, 672 

— methyl ether see methyl eugenol 
Euler 11, 579 

Eumycetes II, 1 
Euonymus Phlliatrus 1, 44 
Eupatorium africanum I, 521 

— aromaticum III, 598, footnote 

— Ayapana 1,521; III, 596 

— capillifolium, fceniculaceum III, 595 

— byssopifolium III, 598, footnote 

— perfoliatum, purpureum, serotinum 

III, 598 

•— triplinerve III, 596 
Eupborb/a pilulifera III, 148 
Eupborblaceat III, 154 
Euraagyum Sumbul III, 371 
^d^lus NGrnberg II, 214 


EUstache II, 21 

Evans Sons Leschcr £; Webb II, 593j/' 
HI, 234, 489 

Evaporation residue III, 68 
Evernia prunastri I, 246; II, 2 
Evers II, 31 
Evodene 11,631 
Evodia Aubertia II, 630 

— fraxinifoUa II, 627, footnote 

— hortensis, simplex II, 633, 634 
Evonymus atropurpureus III, 153 
Me. Ewan II, 350 

Ewing II, 322 
Ewins II, 371 

Examination oi volatile oils, chemical 
methods I, 568 

-- physical methods I, 556 

-for chlorine I, 609 

Excoecaria Agallocha III, 147 
Exocborda Alberti I, 533 
Exogonium purga III, 404 
Extraits aux fleurs I, 251, 262 
Extraction with volatile solvents 
I, 245, 247 

-non-volatile solvents I, 258, 264 

Extraction apparatus of Deroy Fils 
Arne (fig.) 1, 252 to 255 
-according to Gamier (fig.) I, 256 

— battery, elevation (fig.) I, 252 

— method, industrial application I, 249 
Eyken II, 177; III, 158, 159 

Eykman I, 115, 475, 486; 11, 310 to 312, 
353, 387, 392, 527 

F 

Fabiana imbricata III, 583 
Fabianol in oil of Fabiana Imbricata 
111,583 

Fagara Aubertia, Hamiltoniana H, 630 

— NaranjiHo II, 633 

— nitida 11,633 

— octandra II, 633 

— Peckoltiana II, 631 

— xanthoxyloides II, 631 
FagaramIde II, 633 

fagara oil, Philippine II, 633 







General 


Faghireh If, 627 

TPaUe Bay, false Cinnamon III, 191 

— jaborandi II, 308 
Faltin 11, 496 
Farina I, 67 

Famesal from famesol I, 399 
Famesol I, 399 

— in ambrette seed oil III, 160 

— — cananga oil II, 400 

— - neroli oil III, 95 

-palmarosa oil II, 89 

-Peru balsam oil II, 605 

-Tolu balsam oil 11, 604, 

-ylang-ylang oil II, 400 

Fats, capacity to absorb Tloral perfumes 

I, 258 

— mixtures for pomades I, 260 
Fatty acid, see acid 

— oil for adulteration of geranium oil 

II, 621 

Pauler Heinz I, 216 

Faure 1, 134 

Faust III, 262, 637 

Faux camphrier 111, 664 

Favrot I, 247 

Febve III, 499 

le Febvre I, 133 

Pecde di bergawotto III, 62 

Fece 111, 11 

Fegatetia conica II, 5, footnote 
Feist 11, 531, 578 
FeIdkOmmel III, 498 
Feldmann I, 388 
Feldmime III, 549 
Feldstein III, 660 
Fenchelho/z 1,130 
Fenchene I, 30b 
~ (?) in turpentine oil II, 24 
rf-Fenchene In camphor oil II, 462 
Fencholenic acid 1, 459 
Fenchone I, 458 

from fenchyt alcohol I, 398 
'— in oil of Lavandula Burmanni 111,451 
AFenchone in oil of Artemisia frigida 
111,651 

Fenchone oxime 1,459 
Fendiyl alcohol 1,397 


Index. ^12 

AFenchyi alcohol in American wood 
turpentine oil II, 101 
I Fendler III, 145 
I Feneulie II, 353 

, Fennel from various sources, oil yield 
III, 351 to 357 
; — herb 111, 358 

- oil III, 350 
-history 1, 174 

as adulterant of ani.se oil III, 346 
I — stearoptene as adulterant of anise 
i oil III, 346 
' Fenouil III, 350 
; Fenugreek II, 610 
j Fernandez II, 76 
; Ferula alliacca III, 368 

communis var. brevifoUa III, 371 

- galbaniflua III, 370 

- marmarica 111, 371 

- rubricaii/is III, 370 

- Scha/r III, 370 
Scorodosma III, 368 

— Siimhul III, 371 
— Szovitsiana III, 372 
Festuca Poa I, 532 
I Feucrkraut III, 654 
r Feucrschwamm II, 2, footnote 
i Fever bush 11,523 
I Fichter II, 314 

j Ficus annuiata, Benjaminat B, var. cTas> 
sinervia, e/astica, genicu/ata, 
pi/osa, p. var. chrysocannia, retusa 
! var. nitida, xylophylla I, 504 
] Fiddichow I, 178 
i Field, see Feld 
j Fileti II, 582, 586 

j Fimbriaria Blumeana II, 5, footnote 
I Finoccbio d’asino III, 357 
! Fir oil II, 92 
i — cone oils II, 113 

— needle oil II, 125 

--Thuringian (illustr.) II, 111 

— Siberian il, 125 
Firbas 1,607; 11,519 

I Fireweed III, 654 
i Firpene in turpentine oil II, 20 
I Fischer, A. 11,461; III, 156 




m.. 


omaiAfc wp.i 


Viscljer, E. Ill, 35 
Von Flscher-Treuerifeld 111> 101| 102^ 

Fisher 

FlsWockm,191 
Fittig 111,315,616 
Flacco 1,173 
Ftscourt n, 395 
Flament Ill, 6^ 

Flatau 11,188,620; 111,55 
Flawitsky 11, 107 
Fleabane III, 601 
Flick 111, 545 
FllegenpilzSI 11,2 
Flooded gum III, 224,231 
Floral extracts 1, 251 
Florentine flasks (fig.) 1, 230,231 

-history 1, 229 

Flores atricMi 111, 620 
♦— cassix 11, 426, 435 

— stoechados arabkx 1,196 
Floridus 1,175 

Rower perfumes, production 1, 243 
Ftflckiger 1,192; II, 85,87 to 90,116,244, 
255, 267, 272, 274, 284, 289, 290, 
309, 370, 398, 400, 412, 416, 523, 
567, 570, 588, 639 to 641, 646; 
III, 95, 111, 148 to 150, 168, 173, 
362, 371, 434, 464, 517, 542, 556, 
592, 603, 659 
Ry agaric 11, 2 

Fxniculum capillaceum III, 350, 358 

- du/ce lU, 355 

— Panmorium, piperitum 111, 356, 357 

'A sineme X, 121; II, 378, footnote 

^^vulgaie 111, 350 

Fi^tniuo 11, 244 

Pcanum-gixcam II, 10 

RjAre n,122 

Folia MdJjicbathri 11, 441 

FontencBe: 1,13* 

ferest mahogany III, 237 

^rnudd^yde 1,405 

A* In the'oil of Parsed pubescens 11,479 

4? '^ 'Shfl-Gyu oil 111, 671 

fermic jKdd 1,491 

fei^.tttion on citronellol I, 368, 580 
3il& ’ii»all:of Artemisia Iraida HI, 651 


•iwmtcacio ih oil i^Canaritopvillpsaifi', 
iH,136 

_ _ - Peucedanum, Ostru- 

, , in,.674 

___ Pamona stacbyoides 

111, 461 

-wormwood oil HI, 644 

Formylation 1,580 
Forster III, 448 
Forsyth II, 179 
Fortmann 111, 85 
Fouchet IH, 152 
de Fourcroy 1,68 
Fractionation flask (fig.) 1,565 
Francesconi Hit 311 to 313,347,349,607, 
612,613 

Franchimont HI, 380 
Francis III, 487 
Franke 111, 64 
Frdnkel II. 29; 111, 584 
Frankforter II, 25, 91 
Frankfurter Liste I, 38 
Frankincense oil 111, 116 

-history 1,154 

Franklin I, 160 
Frary H, 25 
Fremy 1,134 

Frenela arenosa II, 144,146 

— attenuate 11, 146 

— australis II, 146,148 

— caicarata II, 145 

— canescens, crassivaMs II, 143 

— columellaris II, 144 
— Drummondii II, 147 

— Endlicheri, ericoides II, 145 

— fruticosa II, 146,148 
— Guiieimi 11,143 

— Ounnii II, 148 

— intratropka II, 144 

— Macleayana, macrostachya 11,149 

— microcarpa II, 144 
— Moorei II, 142,144 
— Muellerii II, 148 
—■ pyiamidalis II, iA6 

— rhomboUea var. Tmnanica 

— robusta 11,141,144 , ; 

-var. mifcfocirjJS ® I# 



triguetra 11,146 
. -^ • variaiiflis II, , 146 
; ~ VSntertatii 'll, 146 
^ verrucosa H, 142 
fresenlMS 11,322 
fi^ If, 34 
Frickhing«r H, 358 
FriedUnder I, 435; III, 605 
von Friedrichs I, 341; Ill, 112 
Prtswell 1, 536 

Frftzsche Brothers II, 169,170, 503 
& Co., Franz II, 212 
Frohde III, 383 

Fromm II, 172, 173, 304; III, 18 
Frye II, 152 ' 

Fuchs I, 44,57 

Fuchsinsulphurous acid for citral assay 
111,39 

Fungus salicis, suaveo/ens 11,1 
Furane in pine tar oils II, 104 
Furaney*-monocarboxylic acid (?) in oil of 
Evonymus atropurpureus III, 153 
Furfuralcohol in clove oil III, 206 
Furfurane see Furane 
Furfurol I, 348, 431 

— in aqueous distillate, angelica 111,365 

-oil of Buphane disticha II, 262 

- Bystropogon moHisWy^ 

-Cayenne linaloe oil II, 481 

-chamomile oil III, 626 

-clover oil II, 610 

--oil of Evonymus atropurpureus 

m, 153 

— - Oenanthe crocata ill, 360 

- SpariiumscopariumU,b(B 

— - Yu-)u oil 111,672 
Furness III, 165 
Eumus Acediae 1,216 

Fusmus acuminatus, spicatus II, 350 

G 

Gadamer 1, l35,337,338,535,607; II, 512, 

::4(14 to 5ie, 5i9 to 522 ,526, 529 , 

" 531,622; HI, 658 

m, 55Q 

0^6/iWer II, 314 


QagelfrStichen II, 316 
Gal il, 397 
Galangal oil II, 277 

-history f, 107 

Galbanum oil III, 370 

— history I, 177. 

Galenus I, 19, 98, 122 
Galgantol II, 277 

Galipea Cusparia, officinalis II, 645 

Galipene, Galipol II, 645 

Galipot II, 72 

Galium trifiorum I, 521 

Gallon II, 18 

Gambler II, 309 

Gamper II, 645 

Gandurin I, 355, 420; II, 625 

Garbanzo III, 119 

Garcia da Orta 1,102,108, 112,127,136, 
176, 200 

Garden cress II, 511 

— nasturtium I, 505; II, 621 
Gardenia Fitzalani I, 505 

— fhrida, graridiflora III, 586, footnote 

— Schatmannii I, 505 
Gardenia oil III, 586 
Gardi'an balsam III, 170 
Gardner I, 304 
Garelli III, 14 

Gargan balsam III, 170 

Garlic oil II, 258 

Garnett II, 297; III, 30 

Gamier I, 256; III, 617, 625, 638, 655 

Garrigues II, 362 

Gartenkresse II, 511 

Gartenraute'11, 635 

Garuga I, 505 

Gasolin, sp. gr. II, 33 

Gastroctiilus pandurata II, 284 

Gattefosse II, 3, 614, 615 

Gattermann I, 496; II, 353 ■ 

Gaubius I, 74, 116, 128, 150, 192 
Gauitherase III, 144 

— in Spiraea species II, 546 
Gaultheria fragrans III, 389 

— fragrantissima I, 505; Ui, 8^ 

'— ieucocarpa I, 505; III, 390 

— procumbens III, 394 



Yi6 ^ikteRAt WOEk, ‘J 


Gau^eria punctata 111, 389 
Oauttherin 1, 506; 11, 319, 321; lit, 144 

— in Spifata species II, 546 

- Viola tricolor 111, 182 

Gay-Lussac I, 144 

Geber I, 23, 204, 205 , 

Gehe S Co. Ill, 157 
Gehlen I, 94 
Gein II, 549 

Gemmage a mort, a vie II, 72 

Geiseler II, 515 

Gemme II, 72 

Genepi herb III, 648 

Gin^rai Jacqueminot II, 552 

Qenit d’fspagne II, 609, footnote 

Geniivre II, 160 

Genista tinctoria tridentata II, 609 
Genisteae II, 609 
Gennadlus III, 486 
Gentianaceae Ill, 400 
Genvresse 1, 341; II, 213, 214; III, 474, 
477, 479 

Geotfroy I, 71, 74, 75, 94, 107, 111, 150, 
183, 188, 194, 199 
Qeraniacese II, 613 
Ceranial II, 206 
Geranic acid from citral 1, 411 
Geranic acid nitrile, saponification to 
methylheptenone I, 436 
Geraniol I, it»6; II, 197 

— addition of sodium bisulphite I, 360 

— determination in Ceylon pitronella 

oil II, 230 

— from citral 1, 410 

— in the oil of a specie^ of Andro- 

pogon II, 218 

--- Callitris calcarata II, 145 

- Drummondii II, 147 

— -- — gracilis II, 145 

r--- intratropica 11, 144 

- tasmanica II, 147 

r— in the Oil of Eucalyptus acervula 
r, HI, 236 

-Jasmin oil 111, 400 

—. — myrtle oil 111, 186 

— — savin oil II, 173 

- Shd-Gyu oil III, 671 


Geraniol in wall flowers oil II, 532 
—. (?) the # 00(1 oil of Cryptoparia 
pretiosa II, 502 

— isomerisation to linalool I, 359 

— oxidatkfn 1, 358, 426 

— separation 1, 361 

-from citronellat I, 365 

— as adulterant of rose oil II, 571 

— calcium chloride compound I, 357 

— conversion into citronellol I, 362 

— --terpineol I, 377 

— oxide I, 526 

— tetrabromide I, 360 
Geranium oil II, 613 

— as adulterarit of rose oil II, 571 

— history I, 145 

— Turkish II, 178 
Geranyl acetate 1, 511 

— in oil of Actinostrohus pyramidalis 

II, 140 

■- Callitris arenosa II, 144 

-— calcarata II, 140 

— —-- rhomboidea II, 146 

---- robusta II, 142 

--— Tasmanica II, 147 

-- verrucosa II, 142 

-- Eucalyptus acervuIaWX,2^ 

- Muelleri 111, 253 

- regnans III, 277 

-—-- urnigera III, 254 

— carbaminic acid ester I, 361 

— esters, preparation I, 360 

— formate I, 510 

Geranyl-A-naphthylurethane, -phenyl- 
urethane, -phthalic acid ester 1,361 
Gerber III, 612 

Gerhardt 1, 80, 81, 146, 523; II, 165; 

III, 22,168, 315,591, 608,615,634 
von Gerichten 1, 490; III, 323 
Gerlich I, 135 

Gerock II, 319, 545; III, 382, 534,'591 
Gertlnger I, 175 

Gesner, Conrad I, 44, 50, 93, 98, 106, 
121, 123, 136, 146, ISO, 154,156, 
159,160, 164, 173, 178, 179; 183, 
185, 196, 197, 218, 220 

— }. A. I, 111 
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Oetaf} jffasama/a II, 543 

Oettm rivaJe, urbanum II, 549 

Obaaiiri HI, 404 

<3bat badala, Ghotta II, 334 

Siaconi III, 472, 548 

Qiengiario confetto I, 110 

Giese I, 175 

Giesecke I, 146; II, 636 

Giessler II, 248,508; III, 462,484,649,664 

Giglioli II, 449; III, 164 

Gilbert II, 309, 432 

Glldemeister I, 118, 293, 328, 361, 364, 
474, 511, 591; II, 23, 77, 126, 187, 
190, 191, 226, 310, 311, 439, 568, 
571, 574, 618; III, 24, 25, 28, 82, 
84, 151, 188, 246, 248, 279, 296, 
407,412,414,415,416,477,485,593 
Gilead balsam III, 115 
Gilg II, 303, 305 
Me. Gill II, 30 
Gillavry II, 408 
Gin II, 160 

Ginger, cultivation of II, 280 

— oil II, 280 

-history I, 109 

Gingergrass oil II, 190 

- — asaduIterantofgeraniumoilll,621 

-copper containers (illustr.) II, 188 

Ginsberg I, 490; III, 323 

Ginster, Spanish II, 609 
GinsterOl 11, 609 
Gintl II, 618 
Ginzberger III, 458 
Gironniera subxgiialis I, 504 
Giu/apana (illustr.) II, 556 
Gladstone I, 83, 105; II, 187, 226, 253, 
410, 416, 506, 567; III, 145, 185, 
237, 296, 298, 332, 374, 403, 407, 
499, 622, 642, 643 
Clasw 1, 134 
Glauber I, 65, 222 
Glaux maritima III, .394 
■Qltehoma hederacea HI, 454 
GIcnk 111, 327 

Gtobulol in oil of Eucalyptus Globulus 

' -.'%v1B,'250 

CfuMco^earin, occurrence II, 511 


Glusonapin I, MO; II, 511 
Gluconasturtiin 530, 531 
Glucoside yielding benzyl mustard oil 
I, 550 

— butyl mustard oil 1, 549 

— - erotonyl mustard oil I, 550 

— eugenol I, 482 

-- hydrogen cyanide I, 534 

— hydroxy benzyl mustard oil I, 550 

— methyl salicylate I, 506 

— mustard oil I, 547 
Glucotropxolin I, 550; II, 511, 622 
Glyceria aquatics I, 532 

Glycerin acetate as adulterant I, 615; 

III, 52, 70, 441 
Glycyrrhiza glabra II, 613 
Glycol from /^-phellandrene I, 326 
-safrol I, 486 

— CioHaoOj from diosphenol I, 494 

— ChHjbOj from caryophyllene I, 333 
Gmelin 1, 129; 11, 314, 484 
Gnaphalium arenarium III, 607 
Gnetum Gnernon ovalilolium I, 504 
Goborro 111, 238 

Godeffroy II, 17, 75; III, 64 
Godlewski 1, 309, 311 
Goebel I, 175 

Gold chloride for the detection of pine 
tar oil II, 49 
Golden rod III, 599 
Goldrute III, 599 
Golubev II, 126 
Gomenol III, 296 
Gondapeera oil III, 389 
Gonjes see Nelkenmatten 
Gonystllaceae 111, 158 
Gonystilene, Gonystilol HI, 158 
Gonystilus Miquelianus 11,176, footnote; 
III, 15S 

Goose as ^mbol for retort I, 204 
Gdppert 1, 507 
Goris III, 392 

von Gorup-Besanez 1,146; 11,636; HI, 610 

Garz H, 353 

Gotfling I, 129, 175 

Gouft oil HI, 667 

Goulding II, 441; HI, 402, 581 
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Gournumd i, 366 

Grabaddm medicarfre/itorum compo- 
sUoram I, 2i 
Graberg I, 19+ 

Qrabowski I, 165 
Graeb« IH, 636 
Griger II, 353 
Graiert I, 478; III, 344 
Grains of paradise II, 290 
Gram II, 517 
Graminex II, 178 
Qrana moschata III, 160 

— faradiai II, 290 
Granafa III, 613 
Grande Javande III, 442 
Orandel II, 74 
Qranomastice I, 159 
Grape fruit oil III, 87 
Gras III, 90 

Grass oil, Indian II, 178 
Grassmann II, 455; III, 383 
t Graveraux II, 552 
Greek oil of turpentine II, 76 
Greeks, art of distillation I, 48 
Green III, 79, 306 

— mallee 111, 261 

— II, 81 

Greenhaigh III, 78 to 80 
■ Greenish II, 370, 520; III, 368 
Gregor 1, 599 
Gren 1, 68 

Gre^hoff II, 326; 111, 551 
Grey box III, 234 

— gum IH, 240 

— n^Iee 111, 251 

< “Qriftithia acpminata, eucantha I, 506 
Crifion ni, 20 
Gfignatd 1. 294, 397; II, 24 
'''^lgiisrd*8 reaction 1, '288 
Grimal n, 128, 135, 140; III, 648 
GriinauxI, l^O, 514; ll,.496; Ill, 344,634 
GAnm, F. 1,146,435; 11,217,636; III, 156 

r- «. U, 226 

VjGitone 11, 528 
,:-0fibdelia nabuata IB, 599 
624; III, 483 


Orpssfe lataude, IH, 421 
Qros^r t f69j IH, SF 
Groasa/ar/a nigrum 1, 532, 

— rubrum I, 532 
Groves HI, 131 
Griinhut II, 322 
Grfinling 11, 172; III, 323 
Orunmim 111, 553 
Grfissner I, 598 
Gu-Chiu HI, 670 

Guaco oil, Micania II, 358 
Guaiac alcohol II, 625 

— resin oil II, 626 

— wood oil Ily624 

-detection in rose oil II, 574 

-as adulterant of sandal wood 

oil II, 347 

Guaiacol in pine tar oils II, 104 

Guajacum officinale II, 625, 626 
Guajavene leaf oil III, 187 
Guajene 1, 333 

— blue color I, 404 
Guaiol I, 402; II, 625 

— In the oil of Callistris glauca II, 143 

- intratropica II, 10 

_- Macieayana II, 149 

— in ladanum oil 111, 179 
Guajyl methyl ether I, 403 
Guayana laurel oil II, 484 
Guayule caoutchouc III, 611 
Guerbet I, 365, 395; II, 432 to 344 
Guerlain II, 564, 570; III, 577 
Guibourt I, 82, 143; II, 631;. Ill, 659, 

footnote 

Gouibourtia copallifera U, 602 

Guignard I, 547; 11, 510; HI, 184, 589 

Guigues II, 171, 176 

Quilandina I, 505 

Guillaumln I, 472 

Qafjag 11, 556 

Gulll in, 76 to 78, 83 

Gully ash IH, 2S2i- 

Gum III, 232 

Gum4:opped stringy bark HI, 284 
Ouadermannkraat’Vl, 454 

Quijab pH iHl,"l72 
Goflui) balssm oil HI, ,J?0 
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bAlaam oil as adultewt oi anise 

oH in, 3« 

, ^ — cassia oil II, A31 

? ~ — ---clove oil 111, 221 

--- copaiba balsam oil 

s; II. 597 

---geranium oil II, 620 

— -hop oil II, 328 

-orris oil II, 270 

--palmarosa oil II, 186 

-rose oil II, 575 

-detection 1, 611; III, 175 

-— history I, 159 

•Qurjunene in gurjun balsam oil III, 173 

— alcohol, -ketone III, 174 

— ketone, semicarbazone II, 608; III, 174 
Outtiferat III, 163 

Gutzeit III, 306, 378, 380 
Gymnema latifolliim I, 533 
Qymnogramme aurea 1, 532 
Gynerium argenteiini I, 532 
Gynocardia odorata I, 532 
Gynocardin I, 534 

H 

Haarmann 1,333; II, 591; 111, 159,160,218 

fiabaghadi III, 113 

Habbak Haddi 111, 113 

Habhcgger 111, 468 

Hachot 11,72 

Hacking II, 60 

Haensel U, 2, 3, 118, 124, 140,161,164, 
258, 260, 262, 275, 281, 292, 297, 
317, 324, 325, 349, 351, 358, 368, 
370, 372, 373, 505, 509, 548, 549, 
577, 608 to 610, 613, 626, 635; 
III, 105, 117, 153, 159, 163, 178, 
3i2, 358, 364, 373, 377, 378, 382, 
384, 395, 400, 404, 410, 452, 454, 
499, »7, 583, 589, 594, 599, 607, 
618; 619, 622, 623, 633, 645,657, 



1, .121, 595, 596; III, 365 
^70, footnote 9 


HaiOes in, 338 
Hairs in, 207 ‘ 

Haiti Cedar oil ll,M64 
Haji Zein el Attar II, 627 
fiakka, Hakuku 1, 192 
Hatbierungsmethode, in lemon oii pro¬ 
duction (iliustr.) Ill, 9 
Halenke III, 156 
Hail III, 220, 265, 271, 275, 283 
Halle III, 584 

Haller I, 394, 395, 457; II, 251 
Hallwachs I, 146 
Hals II, 517 
Halsey III, 528 
/iamame/idaceae II, 540 
fiamame/is virginiana II, 544 
Hambright II, 316 

, Hanbury II, 244, 290, 291, 626, 639, 
656; III, 95, 149, 170, 371, 376, 
434, 603 

Hancock I, 96; II, 484 
HIncu I, 452 

Hand-pressed oil of limetta or lime oil 
ill, 78 

Hanson II, 129, 132, 134, 163, 170 
Hanus I, 586 
Harbordt I, 146 
Hard wood II, 97 

Hardwickia binata il, 600, footnote 

— Mannii II, 599 

— pinnata II, 600 
Hardy II, 645 
Harib 1, 139 
Harms II, 603, 606 
Harpestreng I, 117 
Harpullia imbricata I, 505 

Harries I, 90, 323, 365, 368, 416, 419 
448, 450; II, 27; III, 159 
Harris III, 467 

Harrison I, 137; 111, 368, 370, 371 
Hartley II, 467 
Hartmann III, 352 

Hartwich I, 546; It, 259, 501, 518, 594. 
600, 606, 607, 623, 645;. III,. 184 
. 350, 351 
Harvey II, 30 
Ha$e/wum II, 352 
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Hashich II, 329 
Jiasoranto II, 352 
Hasse I, 45, 168 
■Hatri Chilta II, 334 
Hauheche! II, 610 
Haussner I, 339; III, 140 
Hazamalanga wood oil III, 664 
Hazel nut leaves II, 325 
Head light 11, 33 
Heaney II, 485 
Heber II, 47 
Hubert 111, 543 
Hecket II, 153, 634 
Hedge garlic II, 517 
Hedeoma puhgioides III, 467 
Hedeomol 111, 468 

Hedychium coronarium var. maximum 
II, 276 

Heerabol myrrh oil III, 110 

Heerabolene I, 341 

Heikel III, 519 

Heine 8i Co. Ill, 70, 608 

Heinisch 11, 2 

Heintz III, 324 

Helbing II, 627 

Helenin 1, 523, 524; III, 608 

fielicftrysum angustifoUum III, 607 

— arenarium III, 607 

— italicum 111, 607 

— saxatHe, Stcachas III, 607 
Heliotrope of the low lands III, 404 
Heliotropin I, 429, 486 

— in Ro^inia oil II, 612 

— tests for adulterants I, 430 

— cause of odor I, 430 
‘Helle I, 307, 398 

HellstrSm II, 544 
Hellwig I, 167 
van Helmont I, 65 
Hemlock spruce II, 90 

— newlle oil II, 129 
Hemp oft n, 328 

— Indian I, 281 
-oil II, 328 

Henderson U, 84,173; 111, 337, 413,417, 
419,542,555 
Hendricks III, 464, 466 


! Henkel HI, 453, 520, 654 
!■ Henle II;' 636 
I Henna oil ill, 184 
I Henrich I, 444, 446 
i Henriques 1, 496 

I Henry I, 106, 161; II, 140, 142, 265; 
I III, 586, 598 

i Heptacosane in the oil of Cyclopia 
j genistoides II, 608 

; Heptane 1, 277 
' — = abietene II, 94 

— in oil of Pittosporum resiniierum 

II,,538 

, — — Russian pine tar oil II, 107 
Heptyl alcohol I, 350 
Heracieum giganteum III, 380 
^ — Sphondylium 111, .379 
i — vi/iosum HI, 380 
fierha Calaminthx vel Calaminthx 
montanx 111, 473 

— Camphoratx H, 368 

: — Chenopodii ambrosioidis seu 
Botryos americanx 11, 368 
' — Genippi vel Geneppi veri III, 648 
1 — Herniarix H, 368 
j — /va moschatx Ill, 618 

— Marrubii aibi III, 452 
! — Matricarix 111, 627 

’ — Sclicenantbi H, 244 
! — Trifoiii bituminosi 11, 611 
Herberger 1, 188 
Herford I, 189 

H6rissey I, 587; H, 549, 578, 585, 587 
! Hiritiera Uttoraiis HI, 663 
I Herlant H, 297 

j Hewandiapeltata, Hemandiacex III,664 
I Hemiaria glabra I, 521; 11, 368 
j — hirsuta III, 626 
i Hemiaria oil H, 368 
i Hemiarin III, 626 
1 Herodotus I, 100, 135, 155, 202 
I Herouard III, 347 
! Herter 11, 326 
Herty II, 60, 68, 69, 93 , 

Herzfeld 1, 615; II, 20, 36, 38, 44, 49 

— apparatus for testing turpentine oil 

(lllustr.) 11, 36 



General Index. 


721 


Herzfeld’s test II, 48 
Herzig I, 598 
Herzog n, 606, 645 
Hesperides Norimbergenses I, 151 
Hesperidin in peppermint III, 507 
Hesse I, 246, 247, 262, 364, 513, 540, 
541, 544, 592, 594; II, 47, 162, 
263,264, 414, 415,568; III, 52, 85, 
86 , 89 to 92, 94 to 98, 396, 398, 399 
Heusler I, 89; II, 429 
Hevea brasUiensis, spruceana 1 , 43.3,532 
Heveene I, 341 
ttexacentris coccinea 1, 505 
Hexahydrocymene from menthol 1, 388 
Hexenyl (di)sulphide (?) In asafetida oil 
III, 369 

Hexyl alcohol I, 349 

— butyrate in cacao oil Ml, 161 

— esters in male fern oil II, 5 

— propionate in cacao oil 111, 161 
Hexylene alcohol I, 351 

Heyer 1, 151, 175 
Hibiscus Abeimoschus 111, IbO 
Hierochloa aipirm, australis, borealis 
I, 521 

Hieronymus Rubeus I, 140 
Hildegard 1, 100, 109, 117, 170, 171, 
175, 185, 191, 194, 199 
Hilger II, 265 
Hiltner III, 40 
Himbeer II, 548 
Himmelbaur III, 506, 507 
Himmelmann 1, 365, 368, 419 
Hindoos, art of distillation I, 15 
Hingfra) III, 368 
Hinoki oil II, 158 
Hintze II, 158 

HIrschsohn 1,529; II, 113, 126, 431, 433; 
III, 577 

Hirschzunge 111, 598 
Hirzel I, 89, 248; HI, 373, 636 
Hjelt II, 103, 108; III, 383 
Hlasiwetz I, 165; II, 430; 111, 369 
Hoering I, 478, 487; III, 344 
van’t Hoff II, 540 

Hoffmann 1, 68, 69, 74, 75, 100, 104, 
IS), 154, 164, 189, 194, 199, 223 

ClLDEMEISTER, THE VOLATILE OILS. 111. 


Hofmann I, 135, 535, 550; II, 174. 511, 
512, 515, 523, 526, 530, 531, 548, 
621, 623 

Hogweed III, 611 
Hohenadel 111, 372, 623 
Hoicus lanatus I, 532 
Holmes II, 176, 178, 255, 290, 298, 331, 
349, 379, 425, 480, 489, 626, 641, 
644; 111, 78, 107, 108, 110, 113, 
118, 178, 184, 190, 256, 340, 413, 
434, 473, 479, 488, 504, 530, 553, 
563, 565 

Holunderbliite 111, 588 
Hoizcassia II, 441 
Homaiium javanicum I, 505 

— tomentosum 1, 445, 505, 532 
Homberg I, 65, 74 

Homeyer III, 246, 637 
Homi Shirawa II, 449 
Homoanisic acid I, 476 
Homocamphoric acid I, 455 
Homopiperonylic acid I, 486 
Homopyrocatechol-3-methyIether II, 400 
Honcamp III, 328, 338, 343, 351 
Honduras balsam oil 11, 543 
Honorius I, 114 
Hood II, 454 
Hoop pine 11, 10 

Hooper II, 178, 180, 184, 193, 200,210, 
245, 247, 251, 254, 466, 600,601, 
627, 646; III, 172, 184, 372, 659, 
662 

~ see also Dymock 
Hop oil II, 326 

— history I, 119 

— Spanish III, 482 
Horreas piperatariae I, 113 

Horse manure as source of heat I, 209 

— radish oil II, 516 
Horseweed III, 601 
Horst II, 378, 359 
Hortia arborea 11, 647 
Horton II, 579 
Hottonia palustris III, 494 
Houben II, 636 

Houe canadieane III, 430 
Hound's tongue III, 598 


46 



iU 


ueneral index. 


Houtton-Labilliardiire 1, TJ, 94 
Hubatka 11, 517 

HQbl's iodine addition method i, 5b9 
Huchard 11, 537 
Hue II, 38; see Cibner 
Hugues I, 97 

HuUe setherie I, 94 ' 

— antique I, 262 ! 

— de hois III, 171 

— franfaise I, 262 

— partum6e I, 262 

— volatile de Cognac HI, 154 

Hull’s method for the production of 
wood turpentine oil II, 97 
Humboldt 11, 138 
Humulene I, 335; II, 328 
fiumulus Lupulus 11, 326 
Hundelenchei HI, 595 
iiundspetersilie III, 360 
Hundszunge III, 598 
Hunefeld III, 391 

Hungarian water, 1, 30, 66 | 

Hunkel II, 130 ; 

Hunteria corymbosa 1, 505 

Huon pine II, 7 

Hurd HI, 617 

Huth, I, 361; H, 568 

Huthig I, 332; II, 190, 191, 436; HI, 93, ^ 
94, 104, 105, 557 
Hyacinth oil II, 261 
flydnocarpus alpha I, 505, 532 

— anthehnintica, inebrians 1, 532 

— venenata, Wightiana I, 505 ^ 

Hydroaromatic alcohols I, 374 j 

— aldehydes I, 432 | 

— ketones I, 439 j 

Hydrocarbon (CsHbIx in oil of poplar j 

buds H, 313 

— (CioH«)n in oil of Achillea nobilis I 

III, 619 I 

— CioHu from citronellol I, 367 i 

— CioHis resp. CiiHjo in tobacco oil 

HI, 584 

— CiiHis in sandelwod oil II, 338 | 

~ CuHn in calamus oil II, 255 

— m. p. 63 to 64° in supa balsam oil 

II, 601 


Hydrocarbon content of lemon oil, 
determination according to 
BScker III, 48 

Hydrocarbons, alicyclic I, 285 

— aliphatic I, 277 

— aromatic I, 281 

— detection 1, 276 

-in turpentine oil II, 49 

Hydrochloric acid, added during distilla¬ 
tion I, 222 

Hydrochlorocarvoxime I, 297 
Hydrocinnamic acid from phenylpropyl 
alqohol I, 373 

— aldehyde in Ceylon cinnamon oil 

II, 420 ' 

Hydrocoumarin I, 523 

— from coumarin I, 523 
Hydrocuminene III, 316 
Hydrocyanic acid i, 531 

-assay I, 603, 604 

-detection I, 534 

-from bitter almond oil 11, 580 

-in oil of cherry pits H, 587 

-- Pn/nus sphXTOcarpa 

11, 588 

-occurrence in the vegetable king¬ 
dom I, 531; II, 547 

Hydrogen bromide method for the deter¬ 
mination of cineol I, 600 

— cyanide, occurrence in vegetable 

kingdom I, 531; II, 547 

— peroxide as oxidizing agent i, 355 

— sulphide in oil of hyacinth II, 261 

— sulphocyanide in the oil of Allium 

ursinum II, 260 

Hydroquinone for the preparation of 
hydroquinone ethyl ether I, 479 

— ethyl ether I, 478 
o-Hydroxyacetophenone I, 438 
o-Hydroxybenzaldehyde I, 425 
/^Hydroxybenzaldehyde for the pre¬ 
paration of anisic aldehyde 1,426 

o-Hydroxycinnamic acid anhydride 1,521 
4-Hydroxycoumarin ill, 626 
p-Hydroxybenzyl mustard oil I, 550 
HydroxycamphocarboxylIc acid 1, 455 
Hydroxydihydrocarvone I, 442 
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o-Hydroxydihydrocinnamicalcoholfrom 

coumarin by reduction I, 522 
2-Hydroxy-4,6-dimethylchalcone from 
phloracetophenone dimethylether 
I, 495 

Hydroxyhydrosorbinic acid in oil of 
Mountain ash berries II, 54« 
rf-Hydroxynitrilase II, 579 
«-Hydroxy-j»-/sopropyiadipinic acid from 
f'-phellandrene I, 324 
Hydroxymenthylic acid 1, 453 
Hydroxymethoxycymene (?) in Cyprian 
origanum oil III, 487 , 

Hydroxymethylene camphor 1, 457 
Hydroxymenthone for tlie preparation 
of diosphenol I, 493 
Hydroxymyristinic acid I, 500 
Hydroxypentadecylic acid I, 500 
p-Hydroxyphenetol I, 478 
Hydroxyterpinylic acid I, 442 
Hygrophorus agat/iomiis, cerasinua 
I, 532 

hymensEH Courharil II, 603 
Hypericum perforatum III, 163 
Hyptis fasciculata, Salztfianni, spicata 
III, 574 

— suaveoJens III, 573 

- — as adulterant of patchouly herb 
III, 529 

Hyssop oil, history I, 189 
Hyssopus officinalis ill, 476 

I 

/bans III, 166 

Ibean Camphor tree II, 482 
/heris amara II, 511 
Ibn Chaldun I, 26, 138 

— Kurdadbah I, 108 

— SIna II, 627 
Iceland moss II, 3 
/cica a/tissimum II, 480 

— heptaphyffa III, 131 
Ihl ill, 518 

//ex paraguayeusis Hi, 153 
niawarra pine II, 148 
If/icium anisatum, japonicum, reii- 
giosum, verum II, 379 


I Illisch I, 188 
I lllurin balsam II, 598 
i Imperatoria Ostruthium HI, 373, 674 
I Imru-I-Kals I, 124 
I Index of refraction. See Refraction 
I Indian blue pine 11, 134 
; — hemp I, 281 

— production of rose oil II, 554 

I fndigofera galegoides I, 533; II, 812 
. Indol I, 540 

— in wallflower oil H, 533 

-robinia oil II, 612 

Infusion I, 264 

: Ingham HI, 216 
In oU 111, 170 

Inouye I, 193; HI, 509, 530, 531, .5,34 
Jnula graveofens III, 610 
' — Hefenium I, 523; III, 608 
■ — viscosa HI, 609 
Inulin I, 523, footnote 
Iodine absorption I, 569 

addition method, Hubl’s I, 569 
Iodoform form acetone (test) I, 433 
lodol, reagent for cineol I, 529 
lodophosphonium, reagent for octylic 
aldehyde I, 406 
' lonone I, 464 
j — determination I, 468 
j — preparation I, 465 
! re- and ft-lonone I, 467 
! «- and ft-Ionone semicarbazonc I, 468 
I fpomcea dissecta I, 533 
I — ubscura I, 533 

— purga III, 404 

— sinuata, vitifoiia I, 533 
Irene from irone I, 470 
Iridaceae II, 265 

I Iris fhrentina, germanica, pallida 11,266 

— versicolor 11, 271 
IrisOl 11, 265 

Irisol as adulterant of orris oil 11, 271 
Irk III, 366, 508, 549, 552, 555 
Ironbark 111, 235, 287 
Irone I, 469 

— from orris oil II, 267 

— (?) in wallflower oil H, 533 
; Ironwood HI, 241 


46* 




724 


General Index. 


/soalantolactone I, 524; III, 609 
/soamyl alcohol I, 349 

— in Java citronella oil II, 241 
/soanethol I, 475 

/soapiol I 491 
/soborneol I, .304, 

— from camphor I, 456 

— distinction from borneol 1, 396 

— bromal compound I, 305 
/.sobornyl phenylurethane I, 305, 396 
/sobutyric acid 1, 326, 4518 

- 'moWoi PeucedanumOstruthium 

111, 674 

-Cyprus origanum oil III, 487 

--methyl ester see methyl/so- 

butyrate 

/sobutyl alcohol I, 349 
/sobutylamide of piperonyl acrylic acid 
II, 633 

/sobutylmustard oil I, 549 
/socampholic acid from borneol 1, 395 
/socamphoronic acid from . fenchone 
I, 478 

/socarvoxime I, 441 
/socedrol II, 166 
/socryptomeriol II, 138 
/soelemicin I, 488 
/soeugenol I, 484 

— in champaca flower oil II, 376 

— oxidation to vanillin 1, 485 
/sofenchene 1, 307 

/sofenchyl alcohol, phenylurethane 1,307 
/soheptoic acid I, 499 
/sohydroxy cuminic acid from carvacrol 
1, 474 

/somenthone I, 452 

d-lsomenthone in pennyroyal oil III, 
469 

/somyristicin I, 490 
tsonandra Motthyana I, 532 
/sononylic acid(?) in hop oil II, 327 
Isoprene I, 279 

— in Kauri copal oil II, 9 
/sopropyl acetic acid I, 499 
a-Xsopropyl-y-acetyl-n-butyric acid from 

. diosphenol I, 499 
/sopropyl-m-cresol see thymol 


/sopropyl-o-cresol see carvacrol 
dVsopropyl cyc7ohexenone from /»-phel- 
landrene I, 324, 326 
“-/sopropyl glutaric acid from ,S-phel- 
landrene 1, 326 

/f’-/5opropyl hexenone, change to ter- 
pinenol-1 I, 382 

; /sopropylidene acetic acid in oil of 
{ Peucedanum Ostruthium 111, 674 

I «-/sopropyl-«-methyl-adipinic acid from 
I diosphenol I, 494 

' /sopropyl succinic acid from «-phel- 
i lapdrene I, 324 

j /sopulegol I, 386 
I — from citroAellal 1, 416 

— — citroneliol I, 368 
/sopulegone 1, 447 
/sopulegonoxiiTie I, 448 
/sosafrol I, 486 

— from safrol I, 487 

— oxidation to heliotropin I, 447 
«- and /r-Isosafrol I, 487 
/sosantalene 1, 337 
/sosulphocyanate of butyl alcohol 

II, 515 

/sothiocyanallyl I, 546 
j - assay II, 523 
1 /sothiocyanpropenyl 1, 549 
! /sovaleric aldehyde I, 405 

1 -in Cayenne iinaloe oil 11, 481 

-)ava citronella oil II, 241 

-sandalwood oil II, 338 

I /sovaleric acid I, 406, 499 
' — in oil of Peucedanum Ostruthium III, 
674 

— — tobacco oil 111, 584 

-Oil of Thymus Mastichina III, 

498 

Istachri I, 177 

van Itallie, II, 541 to 543, 594, 597; 

III, 139, 177 
Ittner 1, 144 
Ivanov III, 383 
Ivanov-Gajevsky II, 273 
Iva oil, Ivaol 111, 619 
Ives I, 119 

hkhir II, 244 
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laborandi, bark oil II, 645 

— false II, 320 

— leaf oil II, 644 

— wild II, 313 

Jackson II, 272; III, 78, 398 
Jacob III, 2, 7 
Jacobsen II, 187, 568 
Jadin II, 635 
jagi II, 369 

Jahns II, 145, 150; 111, 186, 246, 471, 
482, 483, 499 
Jakubovicz III, 174 
Jalap root oil III, 404 ' 

Jama II, 606, 607; 111, 350, 351, 621,' 622 

Jambul seeds III, 211 

James II, 323 

Janse III, 164, 168 

Janus Damascenus I, 24 

Japanese camphor I, 454 

— pepper oil II, 626 
jara-Jara I, 495 

Jasmin harvest in southern trance 
(illustr.) Ill, 397 

— oil III, 395 

— yield upon enfleurage I, 266 

-extraction I, 251 

Jasminum grandiflorum, officinale 111, 

395 

Jasmone in jasmin oil 111, 399 

— in neroli oil and neroli extract oil ill, 

95, 98 

Jatropha angustidens I, 433, 532 
Jatrorrhiza palmata II, 373 
Java lemon olie I, 415; II, 244 
Jayasuriya II, 218 

Jeancard I, 90, 265; II, 480, 507, 553, 
554, 560, 565, 616, 617; III, 70, 
88, 90, 398, 419, 427, 436, 441, 
477, 667, 668 
Jedermann II, 571 
Jehanger 1, 64 
Jehn 111, 518 
Jensen 11, 388, 643 
Johannes Actuaries I, 138 
Jobst II, 414 I 


Johannisbeere II, 537 
Johanniskraut III, 163 
John II, 412 
Johnson I, 323 
Johnston I, 156 
Jona III, 645 
Jonas I, 494; III, 604 
Jones III, 79 

de Jong II, 204, 206, 207, 230,236, 397, 
409, 442, 453; III, 106, 565, 569, 
573, 587 

Jonquille, extraction I, 258, 266 
Jordan ill, 421 
Jorissen HI, 207 
Jouck II, 585 

Jowitt II, 192, 217, 218, 243 
Ju-chiu III, 672 
Judaeus I, 179, 194 
Juglandaceas, Juglans regia II, 317 
Jugpoka! II, 334 
/uncus I, 102 

— odoratus I, 38; II, 244 
Junger I, 388, 453 
fungermanniaceae II, 3 
Junghuhn II, 394; HI, 168 
Juniper berry oil, history I, 99 

oil 11, 159 

— leaf oil II, 163 

— tar oil, history I, 99 

— wood oil H, 163 

-history I, 99 

Juniperus chinensis II, 170 

— communis 11, 159, 163 

— ericoides II, 149 

— Oxycedrus II, 164 

— phaenicea 11, 172 

“ — oil of berries 11, 176 
-leaves 11, 175 

— --used as adulterant of savin oil 

II, 174 

— procera H, 171 

— thurifera vat. gallica H, 172 

--as adulterant of savin oil II, 176 

— virginiana II, 150, 169 

— oil of unknown species II, 172 
Jura terpentine II, 85 

Jurss II, 429; III, 630 
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Kaas II, 47 

J(ababeh-i-kushadeh II, 627 
Kachler I, 303; II, 272,606; III, 622, 623 
Kadapanam II, 393 
Kadu III, 606 

Kaempferia Ga/anga, rotunda II, 276,277 
Kahan II, 602 

Kajoe (kaju) garoe 1, 402; 11, 177; 111, 
158, 159 

— kapur III, 164 

— kastoeri II, 177, footnote 

— taka II, 613, footnote 

— f^asamala II, 543, III, 136 

— tai 11, 326 
Kallen 1, 523; 111, 608 

Kalm I, 195, 106, 131; II, 542 
Kamakshi grass II, 246 
Kimpfer I, 125, 141, 177; II, 379, 502 
Kananga II, 393 

Kane I, 183; III, 447, 482, 502, 556 
Kanga III, 405 
Kansho-ko III, 589 
Kanyin oil III, 170 
Kapuzinerkresse 1, 621 
Karambusi oil 111, 181 
Karme/iter-Geist I, 67 
Karroo' buchu II, 643 
Katayama III, .'338 
Katz 11, 314 
Katzenminze III, 453 
Kaufmann II, 532 
Kauricopal oil II, 8 
Kawalier III, 307 
Kayans III, 165, 166 
Kayser II, 255 
Kayu kapur III, 164 
Kebler III, 645, 654 
/feioe-cubebs II, 298 
Keimatsu (Keimazu) II, 137, 438; III, 632 
Keir I, 141 
,,Kekul6 I, 83 
Kelbe I, 283; II, 42 
KeHw II, 371, 372 
Kemp, I, 118; II, 310; III, 589 
Kstmedy II, 319 
Kcntjotr II, 276 


Kenyafis III, 166 
Kenyon III, 538 
Me. Kenzie I, 493; II, 641 
f(erbe/ Ill, 305 
Kerbosch III, 139, 177 
Kerkhoff III, 334 
Kerosene, see Petroleum 
A'e/r/a japonka I, 533 
Kerschbaum 111, 95, 159, 407, 408 
Kesso Kanokosb III, 593 
Kesso root oil HI, 593 
Kessyl acetate, -alcohol in kesso oil III, 
594 

Ketolactone CioHjcO,, from a-terpineol 
I, 379 ' 

Ketomenthylic acid I, 453 

— from menthol 1, 388 
Ketone musk I, 539 

— with violet odor in cassie oil II, 591 

— CiiHiiO from camphene 1, 304 

— CioHjoO in santolina oil III, 613 

— CioHisO in orris root oil 11, 269 

— CiiHioO in sandal wood oil II, 341 

— CisHsjO in LatschenkieferOI II, 121 
Ketones, alicyclic 1, 439 

— aliphatic I, 433 
-- aromatic I, 438 

— determination I, 581 

— removal from volatile oils I, 275 

— detection I, 276 

Ketonic acid CioHwOa from caryophyl- 
lene I, 533 

Kettenhofen II, 405, 406 
Keuschlamm III, 409 
Khas-Khas II, 209 
Kkn II, 96 

— formation II, 97 
Kienholz II, 97 
A'/end/ll, 11, 96 
Kiggelaria africana I, 532 
Kiku oil 111, 631 

Kimoto II, 137 

Kimura II, 137 

Kin II, 490, footnote 

Kindt I, 75, 79, 84 

King William pine II, 136 

Hiagiodendron pinaaium II, 600 
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Kingzett II, 26 to 28 
Kirkby II, 331; III, 107, 108 
/(irschlorbeer 585 
Kisarira II, 647 
Kiss! pepper oil II, 312 
Wages I, 388, 453, 474 
Klaproth 1,115 

Kleber 1,279,280,311; II, 24,66,231,233, 
321,356,496,497; III, 41,193,388, 
519, 526, 529 
mtte III, 658 
Klimont 1, 90, 569 
Kline II, 599 

Klobb III, 617, 625, 638, 655 
Knigge I, 192 
Knoblauch II, 259 
Knoll I, 90 
KnOterich II, 359 
Kobert II, 15 
Kdbig III, 615, 616 
Kobushi oil II, 377 
Koch II, 9, 86 

KasHia incana, lanccolata 111, 490 

K6hler 1,293,539; II, 23; III, 390,391,477 

Koller II, 410 

Kollo II. 21 

Komaki II, 438 

Komppa I, 288, 455 

Kondakov I, 493; II, 108, 604 to 641; 

III, 359, 657 
Kondo II, 170 
Kooper II, 260 
Kopp II, 604; 111, 616 
KSrner I, 134, 135; 11,521 
Kosmas Indikopleustes 1,120 
von Kostanecki I, 495; HI, 605 
Kosteletzky III, 618 
Kotis II, 332 

Kovalevski II, 105; III, 341 
Kraemer III, 386 
Krafft II, 252 
- |oh. 1,224 

Kraftheim, Crato von I, 224 

Kraut iU, 315 

Kremel I, 569,571,606 

Kremers I, 332, 336, 589, 594; II, 19,65, 

93,95,110,130,131,226,283,297, 


323,360,362; III, 165,337,389,463 
to 468,497, 530,556,602,639 
m-Kresol in oil of myrrh III, 112 
/)-Kresol in oil of jasmine III, 400 
Kronstein II, 606 
Krug II, 98 

KrOger I, 436, 437, 465, 469; II, 267 

Krummholz II, 120 

Kubler III, 674 

Kugler II, 304 

Kuhnemann II, 327 

Kumagai 11, 508 

Kummert-E. II, 532 

Kunigundenkraut I, 188 

Kunkel I, 74, 75, 183 

Kuntze 1,667; II, 519,528,532 

Kunz-Krause 111, 583 

Kunzemuller I, 199 

Kupffer III, 315,642 

Kurbatov I, 165; II, 253, 255; III, 117 

Kurdadbah 1,116 

Kuriloff II, 86 

Kuro moji oil II, 502 

Kurrimia ceylanica I, 532 

Kursten II, 430 

Kurtz 111, 156 

Kwasnik II, 502 

L 

Ubaune II, 231, 241; III, 448 

Labbe II, 188,620; III, 55, 496 

Lahdanum III, 178 

Labiatm HI, 410 

Labilliardiere 1,166, 167 

Ldfctone (?) in Qyptocaria pretiosa 11,501 

— CioHibOj in American peppermint oil 

111,528 

— CisHmOs in angelica oil HI, 365 
Lactones 1,520 

— in sandelwood oil 11, 345 
Ladanum oil HI, 178 

— history 1,160 
Laden III, 26 

I Ladenburg flask (fig.) 1,166 
i Ladja goah 11,279 

1 Ufont 1, 303, 515, 516; 11, 24; HI, 22, 26 
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Lagam balsam, solid HI, 177 

— liquid III, 139 

Ullemand I, 190; II, 462; III, 168, 416, 
437, 447, 494 

Laloue II, 314, 373, 374, 500, 501, 
614, 620; III, 87, 89, 90, 152, 
409, 576, 639 
Lamarck II, 394 
Lamarckia aurea I, 532 
Lambert III, 2% 

Lambic II, 555 
Lamium album III, 454 
Lamothe III, 421, 427 to 428, 432, 436, 
442, 443 

Lana Batu II, 217 
Landolphia Watsonii I, 505 
Landsberg III, 381 
Landsiedi II, 1 
Lange 1,134; III, 674 
Langles 1,139 
Langlois II, 213 to 214 
Lantana Camara III, 404 

— odorata III, 406 

Lapis philosophorum I, 23, 62, 202 
Larch needle oil II, 134 

— turpentine oil II, 87 
Lard for pomades 1,260 
Laretia acaulis III, 305 

— resin oil 111, 305 
Larix americana II, 134 

— Cedrus 11,134 

— dahurica II, 84, footnote 

— decidua, europxa II, 87,134 

— pendula II, 134 

— sibirica II, 80,102 
Larixolin II, 33 
Laserpitium 1,176 

— oil III, 382 

Lasia aculeata, Zollingeri I, 532 
Lassaigne II, 353 
Lassieur II, 251 
Lastrea I, 532 
Latbyrus odorata I, 543 
Latschenkiefer II, 120 
Laubenheimer ll, 526, 541 
Lauchhederich II, 517 
Lauraces II, 418 


i Laurel berry oil II, 505 

I-history I, 131 

I — leaf oil II, 504 

Laurelia aromatica, sempervirens II, 416 

Laurene II, 506 

Laurent I, 81 

Laurie acid I, 407, 499 

-in saw palmetto oil 11, 251 

— aldehyde 1, 407 

-- (?) in the oil of Chamsecyparis 

Lawsoniana II, 159 
i Laurocerasin I, 421, 534 
I Laurus camphor I, 454 
! Laurus Benzoin II, 503 
' — Camphora 'il, 447 

— nobilis 11, 504 
Lauwerenburg I, 76 
Laval III, 442 
Lavande bitarde III, 421 

— femelle 111, 421 

— fine III, 421 

— moyenne, odorante III, 421 

— viritabie HI, 421 
Lavandin HI, 421 

— oil III, 436 

Lavandula angustifolia III, 421 

— Burmanni HI, 451 

— Bumati, delphinensis III, 421 

— dentata III, 449, 460 

— fragrans, f. X latifolia, hybrids 

III, 421 

— latifolia III, 441 

— officinalis III, 421 

— pedunculata III, 451 

— Spica III, 413, 441 

-var. a III, 421 

-HI, 441 

— Stoschas 111, 449 

— vera III, 421 

— vulgaris fi III, 441 

Lavatera Olbia as adulterant of pat¬ 
chouly leaves III, 569 
Lavender distillation (illustr.) Ill, 423, 
425, 429, 431, 433. 

— distribution In southern France ill, 427 

— oil III, 421 

-adulterations III, 440 
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Lavender oil development of the oil in 
the plant III, 426 

-factory of Schimmel Co. in 

Barrime, Basses-Alpes (illustr.) 
Ill, 425 

— — history I, 83 

— — influence of rapidity of distilla¬ 

tion on ester content 111, 422 

-Miltitz III, 435 

-Mitcham III, 4.37 

— — production in England III, 434 

— — Spanish III, 436 

— -as adulterant of lavender oil 

III, 441 

— and spike oil distillation in southern 

France (map) III, 427 
Lavini III, 347 
Lavoisier I, 76 

Levulinic acid from citral I, 412 

-— geraniol I, 360 

-linalool I, 355 

-methylheptenone, I, 437 

Lawang oil II, 446 

Lawsonia inermis III, 184 

Layman III, 474 

Lead gum III, 286 

Lebanon cedar oil, history I, 101 

Lebermoose II, 3 

Leblanc III, 642 

Ledermann II, 17, 75 

Ledum palustre III, 382 

Ledum camphor I, 402 

Lees I, 351; II, 356, 48.5, 486 

Leeson I, 82, footnote 

Lefebvre III, 464 

Leffler 11, 98 

LegfOhre II, 120 

Leguminosx II, 588 

Lehmann I, 607; II, 585; III, 570 

Leichhardtia Mac/eayana II, 149 

Leimbach II, 407 

Le/ocarpus arboreus I, 505 

Leioscyphus Tay/ori II, 4 

Lemery I, 65 

Lemon camphor III, 28 

— halving (illustr.) Ill 15 

— oil III, 7 


Lemon oil adulteration III, 51 

-as adulterant of petitgrain oil 

III, 105 

-composition III, 20 

-determination of constituents .so¬ 
luble in dll. ale. according to 
Patane 111, 45 

-of hydrocarbon content accord¬ 
ing to Bdcker III, 48 

-distillation test III, 43 

-distilled as adulterant of ex¬ 
pressed oil III, 52 

— ~ examination III, 29 

-expression from rinds (Messina) 

(illustr.) Ill, 21 

-(Palermo) (illustr.) 111,23 

-extraction III, 12 

— — octylene content I, 278 
-price fluctuations (curve) III, 5 

- production areas (maps) III, 6 
-by means of vacuum distilla¬ 
tion III, 14 

-storage III, 20 

-terpene-free, production III, 16 

-properties III, 18 

-viscosity determination III, 47 

— oils from various sources III, 20 

— orchards in Messina districts (illustr.) 

Ill, 13 

— petitgrain oil III, 52 

— removal of pulp (Messina) (illustr.) 

Ill, 19 

— tree, cultivation III, 8 
Lemon-scented iron bark III, 290 
Lemoncilla III, 191 
Lemongrass oil, Bengalese II, 208 

-distillation (illustr.) II, 194 

-East Indian II, 192 

-adulteration II, 199 

-export from Cochin II, 200 

-West Indian II, 201 

Lemonol I, 375 

Lena batu II, 217 
Lenz III, 81 

Leon, Cieza de II, 623 
Lepeshkin 1, 339 
Lepidium campestre II, 511 
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Lepidium latifolium 11, 513 

— radera/e H, 511 

— sativum 1, 532; II, 511 
Leppig 111, 628 
Leprince II, 627 
Leptandra virginica 111, 584 
Leptospermum Liversidgei, scoparium 

111, 292 
Leroide 1, 461 
Lescarbot I, 98 
Leuckart I, 389 
Levallois 1, 569; 111, 452 
Levisticum officinale 111, .361 
Levy II, 172, 395 
Lewinsohn III, 111, 113 
Lewis I, 72, 187 
Liatris odoratissima I, 521 

— spicata III, 598 
Liatrol in liatris oil III, 599 
Libanol-Boisse II, 135 
Liber de destillatione 1, 56 

— — materia medica I, 203 
- vinis I, 56 

Licareol I, 352; II, 481 

— and linalooi III, 125 
Licaria guianensis II, 480 
Lichen quercinus viridis II, 2 
Licbenol II, 3 

Lie de vin III, 154 
Uebig I, 78, 144; 111, 156 
Liebstock III, 361 
Lienhart II, 72 
Light wood oil II, 97 
Lignaloe III, 18 

— oil, history 1, 157 
Lignum aquihe 1, 151, footnote 

— Vitx III, 273, 290 

— Xylomarathrum I, 130 
Ligusticum Levisticum III, 361 
Likari kanali II, 479 
Liliaceee II, 257 

Lily of the valley, extraction I, 258 

-leaf oil II, 262 

-maceration I, 264 

Lima dufcis III, 82 

— di Spagna dofce HI, 82 
Lime juice HI, 79 


Limene III, 29 
Limette leaf oil III, 81 

— flower oil III, 83 

— oil, Italian III, 82 

— — West Indian III, 78 

-distilled III, 80 

-hand pressed III, 80 

Limettic acid HI, 83 
Limeitier ordinaire III, 82 
Limettin = Citroptene HI, 80 
Limnophila oil III, 585 
Limoeiro bravo II, 417 
Limoncellg di Spagna III, 82 
Limone, susse HI, 77 
Limonene I, 30S 

i — (Carvene) as adulterant of lemon oil 
HI, 52 

— identification I, 310 

— (?) in the oil of Callitris obionga 

II, 149 

- robusta 11, 141 

— in oil of Citrus reticulata HI, 107 

— — laserpitium oil III, 382 

; — in oil of Ocimum pilosum III, 582 
1 — (?) in oil of Pherosphxra Fitzgerald! 
! II, 6 

I — in oil of Rhus Cotinus III, 153 

' — (?) in oil of spoonwort II, 515 

! — viscosity number 111, 47 
rf-Limonene in oil of Aegle Marmelos 
II, 648 

- Athrotaxis selaginoides 

II, 137 

- Callitris caicarata II, 146, 

153 

- Drummondii II, 147 

— -- Macleayana II, 149 

- Mueiieri II, 148 

-— Dacrydium Frankfinii H, 7 

-- Lopbanthusrugosus\\\,4Sii 

-Manila copal oil II, 9 

-oil of Peucedanum Ostruthiam 

III, 674 

- Sium cicutastolium III, 347 

- Tax0diumdistichumU,\d9 

/-Limonene in American wood turpentine 
oil II, 100 
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ALimonene in the oil of Ca//itns aranosA 
il, 144 

~ cdlcantA II, 146 

- graci/is II, 145 

-- intratropica II, 145 

—-- Muelleri II, 148 

-(?)-• - rhomboidea 

II, 147 

-- tasmanica II, 147 

- verrucosa II, 142 

- Solidagorugosalli,(3QQ 

-Russian turpentine oil il, 80 

-Seychelles cinnamon,oil II, 421 

-star anise oil II, 384 ’ 

Limonene derivative in Fagara oil II, 633 

— monohydrochloride I, .300 

— monoxide I, 526 

— nitrolaniline, -benzylamine, -piperi¬ 

dine I, 310 

~ nitrosate, -nitrosochloride, -tetra- 
bromide I, 310 
Limoni III, 8 
Linaioe HI, 110 
Linaloe oil, Cayenne II, 470 

— — history I, 157 

-Mexican III, 118 

-— adulteration III, 120 

-production area (map) III, 123 

-distillation in Mexico (illustr.) 

III, 127 

— tree in winter (illustr.) Ill, 121 
Linalool I, .352 

— behavior when acetylated 1, 577 

— conversion into geraniol I, 358 
-terpineol I, 376 

— identification 1, 356 

— (?) in the oil of Cryptocaria pretiosa 

II, SOI 

— - Fagara xanthoxyioides 

II, 631 

- Ocimum sanctum 

HI, 582 

-grape fruit oil III, 87 

-Robinia oil 11, 613 

-Seychelles cinnamon oil H, 421 

-wall flower oil H, 533 

oxidation I, 355 


Linalool, oxidation to citral 1, 355 

— oxide I, 526; 111, 126 

— reduction I, 355 

! — thiozonide I, 355 
I cf-Linalool in cacao oil HI, 161 
I /-Linalool in oil of Thymus Mastichina 
' HI, 498 
; Linaloolene I, 355 
i lina/u6 HI, 118 
' Linalyl acetate I, 509 
j — — thiozonide I, 355 

— chloride I, ,359 

; — esters, preparation I, 356 
I — /A'obutyrate in Ceylon cinnamon oil 
II, 421 

— naphthylurethane and -phenyl- 

urethane I, 356 
; Linamarin I, 534 
' Linden blossom oil III, 159 
, Lindera Benzoin I, 504; II, 503 
Lindsaya cultrata I, 521 
Linebarger I, 536 
Link, H. C. I, 170 
1 - H. I, 74, 166 
Linne II, 217 
Lino Castillo HI, 122 
Linum perenne, usitatissimum I, 43.3, 
532 

Liphard I, 151 

Linseed oil as adulterant for sandalwood 
oil II, 348 
Lippincott II, 623 
j Lippia citriodara III, 406 
j — geminata, microcephala HI, 409, 
j footnote 
I — scaberrima III, 675 

— urticaides HI, 409 
Lippich I, 560 

Liquidambar Aitingia 11, 543 

— orientaie H, 540, 543 

— styracifluum II, 542 

Liquor antarthriticus Pottii I, 94 
Ust I, 80 

I Litsea odorifera 11, 498 
■ Litterer III, 52, 100 
Littlebury HI, 539 
: Livingston II, 153 





732 


General Index. 


Lloyd 11, 250; III, 183 

Lobelius I, 104 

Loblolly pine II, 69 

Lochner I, 166 

Lodge pole pine II, 133 

Lodovico Barthema I, 123 

Loeng mo (noo) poko III, 552 

Ldffe/kraut II, 513 

Loher II, 393 

Lohmann II, 3, 5, 534 

L6hr II, 467 

Lomidse III, 384 

Lommel II, 451, 454 

Lomonaco 111, 644 

Long II, 21 

Long leaf pine II, 25, footnote 
Long-leaf, -leaved pitch pine II, 57 
Lonicer I, 44, 128,164,173, 206, 213,217 
Lophanthus anisatus 111, 452 
— rugosus III, 452 
Lorheer II, 504 
Lossen II, 623 

Lotus arabicus, australis I, .532 
Lotusin I, 534 
Louise II, 18 
Lovage, oil of III, 361 

-history of I, 175 

Lovibond II, 68 
L6w II, 27 
LOwenzahn III, 662 
L6wig I, 171; II, 545 
de Luca I, 135; III, 82, 84, 620 
LucS II, 295 
Lucas I, 144 
Lucker II, 514, 515, 626 
Lucuma Bonplandia, mammosa, pomi- 
fera I, 533 
Ludersdorff I, 96 
Ludovici I, 128 
Ludwig I, 134 
Liidy II, 113 
Luksch II, 273, 274 
Lullus I, 35, 182 
Lunge I, 281; II, 136 
Lunularia vulgaris II, 5, footnote 
. Lupulin II, 326 
Luz III, 372 


Lycopus virginicus III, 501 
Lyford I, 587 

Lysimachia nemorum, nummularia, ■ 
vulgaris III, 394, 395 
Lythracex III, 194 

M 

1 

I Maali alcohol in maali oil 111, 669 
! - oil III, 668 

, — sesquiterpene in maali oil III, 669 
i Maba I, 505 
I Macagno |l, 525 

I Maccbina for the production of berga- 
' mot oil (Sllustr.) Ill, 59 

I Mace oil II, 408 

I-history I, 122 

Macene II, 410 
Macer floridus I, 100 
Maceration I, 245, 264 
Macewan III, 168 
Machenbaum II, 603 
Macintosh I, 96 
Macquer I, 75 
Madotheca laevigata II, 4 

— platyphylla II, 5, footnote 
Mafoa III, 668 

Magellan I, 163 
Magisterium magnum I, 31 
Magnolia fuscata I, 507 

— glauca, Kobus II, 373 
Magnolia oil II, 374 
MagnoHaceae II, 373 

I Maba, meaning of word II, 217, footnote 
I — Pangiri, Pengiri II, 217 
; — Pengiri grass, field in Ceylon (illustr.) 

I II, 219 

I Mahl I, 146 

I Maiden II, 6, 416; 111, 215, 222, 225, 

; 230, 234 to 238, 240 to 245, 

to 253, 255 to 259, 261, 262, 

269, 271 to 278, 281, 282, 284 to 
288, 290, 291, 298, 303 
Maier 1, 89 

Maisch III, 524 ' 

, Maisit II, 80; llj, 447 

! liaJoranahortensisW, 473,footnote, *79 
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Majorana Onites III, 485 • 

Malabar cardamom oil 11, 285 

— grass II, 193 

— lemongrass oil II, 192 
Malakarunnay II, 64b 
Malanau III, 166 
Malapaho balsam oil III, 177 
Malefern oil II, 5 
Maiinvaud III, 530 

Mai lee box III, 262 

— shrub, designation III, 255 

— territories III, 238 

Mallet gum III, 229 
Malvaceae III, 159 
Mammoth fir I, 286 ’ 

Mana grass II, 217 

-oil II, 243 

Manchones III, 101 

— leal oil III, 86 

— oil III, 83 

-from immature fruits III, 84 

Mandarin petitgrain oil III, 86 
Mandelic acid nitrile II, 582 
AMandelic nitrile glucoside in wild 
cherry bark II, 587 
Mangifera I, 505 

Manibot Bankensis, G/aziovii, palmata, 
utilissima I, 433, 532 
Manihotoxin I, 534 
Manila copal oil II, 9 
Manjeau I, 157 
Mann I, 540; II, 446 
Manna gum III, 266 
Mannich I, 452; II, 636 
Mansfeld 111, 140 
Mansfield II, 639 
Mansier.il, 31 
Manucci I, 139 
Manuka 111, 292 
Maracaibo balsam oil II, 593 
Maranham balsam oil II, 594 
Marasmius alliatus il, 600 

— oreades I, 532 
Marattiaceae II, 6 
Marcellus Empiricus I, 172 
Marchantia polymorpha II, 5, footnote 
Marco Polo I, 108, 110, 114, 120, 124 


Marcus Aurelius I, 179 
~ Grascus I, 29 

Marcusson II, 31, 36, 38, 39, 45, 49, 51 

— and Winterfeld, apparatus for testing 

turpentine oil (illustr.) II, 37 
Margueron 1, 76, 94, 199 
Mar/olaine 111, 479 
Marjoram, large III, 582 

— oil III, 479 

! Markham II, 623 
i Markoe III, 193 
I Markovnikoff'I, 364; II, 567 
I Marionol in Guayana sandalwood oil 

II, 507 

Marrubium afbum, nigrum, vulgare 

III, 452 

Marsdenia Condurango III, 674 

- tenacissima 1, 505 
Marsh I, 304; 111, 395 
Martin II, 369; ill, 293 

Martins I, 105, 113; II, 253; III, 168, 208 
Marx III, 532 
Maschine III, 14 
Mascre III, 392 
Massignon I, 249, 252 
, Massoia aromatica II, 489 
: Massoy bark II, 438, 489 
I-oil II, 489 

- camphor il, 438 
Massoyene II, 490 

Masson I, 351, 367; III, 178, 179, 206 
Mastigobryum tri/obatum II, 3 
Mastix leaf oil III, 149 

— oil 111, 148 

-history I, 158 

Masudi I, 112, 116, 120 

i Matico ether II, 305 

— camphor I, 403; II, 303 

— oil II, 302 

I-of known botanical origin II, 306 

I Matricaria ChamomiUa III, 621 
: — discoidea III, 626 
! — Parthenium III, bZl 
I Matthes II, 505, 535; 111, 324 
I Mattheus I, 109 
I Matthiola annua 11, 511 
! Matthiolus I, 44, 98, 136, 218 
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Maud 1, 130 

Maumend's test with sulphuric acid 1,570 
May-oil III, 195 
Mayapis balsam oil HI, 177 
Mayer I, 359; III, 187 

— E. W., II, 166,168, 327; III, 205, 208 

— F. Ill, 568 

— W. II, 327 

Mazuyer II, 263, 266, 589, 591; 111, 89, 
101, 395 

lieemttich II, 516 
Megusa. 1, 193 
Meinecke II, 426 

Meissner I, 177, 178; 111, 383, 602 
lieisterwurzeJ III, 373, 674 
Meiorana silvestre III, 497 
Mecca balsam oil III, 115 
Melaleuca acuminata, bracteata III, 297 

— Cajeputi III, 293 

— decussata, ericifolia, genistifolia, 

gibbosa HI, 298, 299 

— Leucadendron HI, 293 

— minor III, 293 

— — var. lancitolia and linariifolia 

111, 299 

— nodosa, pauciflora 111, 300, 301 

— sguarrosa 111, 301 

— thymitolia 111, 302 

— trichostachya HI, 301 

— uncinata HI, 302 

— viridiflora III, 293, 2% 

— WIsonii HI, 303 
Melchers 6 Co. H, 426 
Meliaceae HI, 142 

Melica altissima, cUiata, nutans, uni- 
tlora I, 532 
Melilot oil H, 610 
MelHotic acid I, 521 
Melilotus alba, altissima, hamatus, 
leucantha I, 521 

— officinalis 1, 521; II, «10 
Meliosma pendula I, 505 
Melissa Ct^amintha HI, 473 
~ NepeU 111, 473 
Melisse III, 469 

— .iiistory I, 188 

Mpdinus Ixvigatus, orientalis I, 505 


I Meizner HI, 465, 466 
Memecylon I, 505, 533 • 

Menengen HI, 147 
du Menii, 128 
Menispermacese II, 373 
Menke II, 272 

{ Mentha aquatics I, 191; HI, 552 
1 — arvensis var. glabrata III, 550 

I - javanica 111, 550 

i-f. piperascens, attacked by Puc¬ 

cinis HI, 504 

' - — var. piperascens HI, 530 
! — balsam/ca I, 191 
j - Cablin 111, 563 
I — canadensis iiat. glabrata HI, 550 

-var. piperascens III, 504, 507, 508, 

1 530 

I — citrata HI, 553 
i — crispa I, 191 
j — javanica, lanceolata 111, 550 
i — longifolia var. undulata III, 553 

— Menthastrum 1, 191 

— piperita HI, 520 

— -- history I, 191 

— -- officinalis, vulgaris III, 520 

-var. Agnelliana HI, 508 

- officinalis, attacked by Puc- 

cinia HI, 507 

-forma pallescens and 

rubescens III, 520, 541, 543 

— Pulegium HI, 467, 501 

-- subspec. micranthum Ill, 502, 

footnote 

— rotundifolia HI, 559 

— rubra, sarracenica 1, 191 

— silvestris HI, 558 

— Sisymbrium 1, 191 

— spicata, s. var. crispata, var. tenuis, 

var. trichoura, verticillata var. 
ovalifolia, vat, strabala, viridis 
111, 553 

/l‘'”'*'*-p-Menthadlene = crithmene III, 
349 

Menthane in the oil of Araucaria Cun- 
ninghamii U, 10 
Mentha oils, history I, 190 
Menthe basiliquie III, 543 
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Menthene in the oil of Araucaria Cun- 
ninghamii 11, 10 

— (?) in Russian peppermint oil III, 548 
-thyme oil 111, 4% 

— non-occurrence in American pepper¬ 

mint oil III, 528 

rf-Menthene in the oil of CaUitris Mac- 
leayana II, 149 

/I’-p-Menthene from menthol I, 388 

— in French peppermint oil 111, 544 
J'-Menthenone from terpinenol-1,1, 382 

— in Japanese peppermint oil III, 539 
/f'-Menthenone-3 in camphor, oil II, 483 
Menthol I, 387 

— identification I, .389 • 

~ (?) in betel oil II, 312 

— in geranium oil II, 619 
separation from menlhone I, 389 

— — from peppermint oil 111, 536 
/-Menthol from pulegone I, 445 
Menthol production in japan (illustr.) Ill, 

536 

Menthone I, 450 

— assay 1, 590 

— from menthol I, 388 

— (?) in betel oil 11, 312 

— separation from menthol 1, 389 
Menthone isoxime I, 453 

— oxime I, 366, 452 
Menthyl acetate 1, 519 

— benzoate I, 389 

— /sovalerate 1, 520 

— phenylurethane I, 389 

— phthalate 1, 389 
Menyanthes trifoiiata 111, 400 
Mercuric acetate, action on anethol 1,477 
-for identification of pinene II, 181 

— sulphatesolution for the identification 

■of acetone dicarboxylic acid 111,715 
Mercurium vegetabi/e I, 31 
Meriandra benghaiensis, dianthvra 111, 
462 

Merling I, 470 
Merremia vitHoIia I, 532 
Merrill 111, 131 

MtjtpHodaphne pretiosa II, -500 
Mt^'nger I, 524, II, 322 


Mesue 1, 24, 99, 139 
Metal content of volatile oils I, 223 
Metastyrene I, 282 
Methacrylic acid I, 500 
4-Methoethylphenol-2-methylic acid-1, 

I, 474 

jO-Methoxy benzaldehyde I, 426 

— benzoic acid I, 501 

— o-hydroxyphenylmethyl ketone ~ 

pteonol II, 369 

p-Methoxyphenylacetone I, 438 

— from anise oil III, ,345 
p-Methoxy phenyl acetic acid I, 476 

— — glyoxylic acid I, 477 
salicylic aldehyde in chlorocodon 

oil III, 402 

m-Methoxy salicylic acid methyl ester 
— primula camphor III, 392 
p-Methoxy cinnamic acid 1, 501 

-ethyl ester in the oil oliixmpferia 

Galanga II, 279 

o-Methoxy cinnamic aldehyde I, 427 
/^-Methyladipinic acid from citronellal I, 
419 

-- - citronellol I, 367 

— — menthol I, 388 

— — menthone I, 453 

— ~ pulegon I, 447 

1 -Methylal-4-/sopropenylhexene-1 =- 
perillaaldehydc III, 561 
Methyl alcohol I, 348 

— in the aqueous distillate of angelica 

III, 365 

-oil of Morinda citrifolia III, 588 

-in pine tar oils II, 104 

2-Methylamino-3-methoxy benzoic acid 
methyl ester=damascenine II, 612 
Methyl-n-amylcarbinol I, 350 
—• n-amylketone I, 334, 451 

— anthranilate see anthranilic acid 

methyl ester 

Methylanthranilic acid methyl ester 1,545 
p-Methyl ether-/?-resorcylic acid methyl 
ester — primula camphor III, 392 
Methyl ethyl acetic acid I, 499 
-propionic acid in Roman chamo¬ 
mile oil III, 616 
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Methyl ethyl propyl alcohol in Roman 
chamomile oil III, 617 
A/ii-Methyl ethyl propyl alcohol I, 349 
Methyl benzoate 1, 503 

— in coto bark oil II, 415 
Methylbutenyl dimethoxy methylene- 

dioxy benzene II, 305 
Methylchavicol I, 475 

— in American wood turpentine oil 

II, 101 

— in oil of Artemisia biennis 111, 652 

— (?) in oil of Barosma venusta II, 643 

— in oil of Clausena Anisum-olens II, 

647 

- Lophanthus anisatus III, 

453 

-- rugosus III, 452 

- Ocimu/n sanctum III, 582 

- Solidago odora III, 599 

Methyl chloride as solvent I, 248 

— cinnamate 1, 503 

— in oil of A/pinia Galanga II, 279 

- Ocimum canum 111, 578,579 

Methyl-o-cumaric aldehyde in cassia oil 

II, 430 

— />-cumaric acid 1, 501 

/i-Methyl cumaric acid from o-methoxy- 
cinnamic aldehyde I, 428 
1,3-Methyl cyclohexanone from pule- 
gone I, 444 

— in pennyroyal oil 111, 469 
Methyidamascenine II, 372 

Methyl ethyl acetic acid in oil of Michelia 
longifolia II, 378 
Methyleugenol I, 483 

— in Atherosperma moschatum leaf 

oil II, 417 

-oil of Dacrydium Frankiinii 11, 7 

- Melaleuca bracteatalW, 298 

- Michelia longifolia II, 378 

— (?) in laserpitium oil III, 382 

— in oil of Xanthoxylum Aubertia II, 

631, 

>-Methylfurane in pine tar oil II, 104 
Methyifurfuryl alcohol (?) in oil of cloves 
. ' 111, 206 

fr^Ufliylfurfurol in oil of cloves III, 206 
"W - 


Methylheptenol from geraniol I, 360 
-methyl heptenone I, 437 

— in Cayenne linaloe oil II, 481 
Methylheptenone I, 436 

— from citral when boiled with potassium 

carbonate I, 410 
-by oxidation I, 410 

— in verbena oil III, 408 

— identification 1, 437 

— separation from citronellal I, 438 

— /^heptylcarbinol 1, 351 
(/-Methylheptylcarbinol in cocoa-nut oil 

II, 251 

Methylheptylketone I, 434 

— in cocoa-mic oil 11, 252 
/l-Methylindol I, 542 

Methyl /sobutyrate in pine tar oil II, 104 

— /soeugenol I, 485 

— from methyleugenol I, 484 

— (?) in Asarum oil II, 353 
Methyl-2-methylamino-3-methoxy- 

benzoate II, 387 

M-Methyl-/i-naphthocinchoninic acid 

I, 412 

Methyl-n-nonylcarbinol I, 351 
<7-Methylnonylcarbinol in cocoa-nut oil 

II, 262 

/-Methyl-n-nonylcarbinol in trawas leaf 
oil II, 498 

Methylnonylketone I, 484 

— in the oil of Fagara xanthoxyloides 

II, 631 

-cocoa-nut oil II, 252 

-trawas leaf oil II, 498 

Methyl salicylate I, 504 
-assay II, 372 

— salicylic acid 1, 428 
Methylundecyl ketone in cocoa-nut oil II, 

252 

Methyl value I, 598 
Metrosideros aromatica 111, 277 
Metroxylon III, 294 
Metzgeria furcata II, 5, footnote 
Meudon I, 100 

ter Meulen I, 550; II, 511, 512, 623 
Meum athamanticum 111, 360 
-as admixture to fennel III, 351 
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Mexican tea III, 183, footnote 
Meydenberger I, 57 
Meyer I, 161 

- E. Ill, no 

- W. Ill, 180 

- von III, 35 
Micania guaco oil il, 358 
Michael VIII. 1, 138 
Michaux I, 95 

Michelia Champaca II, 375 

- longifolia II, 378 

- nilagirica II, 439 
Micromeria Chamissonis, Douglasii 

III, 475 

- japonica III, 475 

Micwtasna cymosa, rohusta III, 563,564 
Mierzinski I, 89 
Mignonette, extraction I, 2.58 

- yield of oil when extracted I, 251 

- flower oil II, 535 

- root oil II, 5,36 
Milfoil oil III, 607 

- — as adulterant of chamomile oil 

III, 626 

Milium effusum I, 512 
Millemann III, 501 

Miller I, 515; II, ,356; III, 5%, 598, 600 
to 601 

- von II, 541 
Millon I, 247 
Milwa Chilta II, 3.34 
Mimosa II, 591 footnote 

Mineral oils, detection In volatile oils I, 
614 

-as adulterant of gingergrass oil 

II, 192 

- —-lemon oil III, 512 

-— peppermint oil III, 519 

Lagam III, 139 

- poho, poke 111, 552 
Mint, American III, 520 

- Argentine ill, 500 

- black III, 540, 543 

- Javanese III, 550 

- oil, Canadian III, 550 

- white III, 520, 540 
Mint rust, see Puccinia Menthx 


i Mirande I, 534 
! Mirbane oil I, 535; II, 584 
j Mischocarpus fuscescens I, 505 
I Mitsui § Co. II, 468 
; Mittmann 11, 354; 111, 193 
Modecca Wightiana I, 532 
Modjo tree II, 648 
Mohammed Achem I, 139 
von Mohl II, 88 
Mohr I, 557, 559 

— C. II, 25, 60, 65, 96, 542 
Mohrenkopf (origin of name) I, 207 
MOhren III, 381 

Molecular refraction I, 563 

Molisch III, 595 

Molle I, 529; II, 505; Hi, 370 

Moller II, 217 

Moller II, 414, 480, 543 

Molliard III, 543 

Monarda citriodora, didyma III, 464 

— fistuiosa III, 465 

— punctata III, 463 
Monardes I, 130, 136 
Mdnchsptetfer HI, 409 
Mongin H, 172 
Monimiaceas H, 414 
Monk I, 145 

Monoanethol dibromide I, 477 
Monobromo /soeugenol dibromide 1,485 

— methylchavicoi dibromide I, 476 
Monodora grandifiora 11, 407 

— Myristica H, 407 

Monotropa Hypopithys I, 505; III, 382, 
394 

Monteil I, 389 
Monteverte HI, 341 
de Montgolfier HI, 416, 571 
Moore 11, 587; HI, 62, 401 
Moracex II, 326 
Moras II, 210 
More 1, 316; III, 141, 142 
Moreigne 11, 513, 530, 531 
Moreschini III, 47 
Moreton bay ash HI, 221 

-pine II, 10 

Moricca III, 67 

Morin II, 481; HI, 125, 156 

X7 
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Morinda citrifolia i, 497j III, 587 
Moringa pterygosperma I, 262 
Moriya 11, 450 
Morrell 11, 39 

MoschuskOrner, oil 111, 160 
Moseley III, 599, 600 
Moskito plant III, 581 
Mosla japonica III, 561 
MSslinger I, 531; III, 379 
Mosoi II, 403 
Mossier 1, 569 
Mossmer III, 370, 623 
Moszkowski III, 164 
Moiia II, 179 
Mouline 11, 15, 17, 43 
Mountain ash 111, 282 
-berries, oil of II, 547 

— gum 111, 239, 242 

— laurel II, 485 

— mint III, 490 

— pine II, 145 

Mousse de ch&ne I, 246; II, 2 

— odorante II, 2 
Mucuna gigantea 1, 505 
Muir III, 456 to 458 

Mulder II, 410; 417, 429; 111, 28, 64, 
162, 480 

Muller II, 506, 621; III, 222, 266, 588 

— C. II, 300, footnote 

— F. II, 338, 340, 344, 345 

— K. II, 3 to 5 

— R. Ill, 366, 403 

— W. I, 328, III, 24, 25, 28, 308 

— von I. 167; II, 350; III, 283, 288 
Mumuta oil II, 249 

Murat III, 367 
Muraour III, 454 
Murayama III, 475, 537, 562 
Muriatic acid added during distillation 
1, 222 

Murray I, 133, 143 

— pine II, 143 

— red gum III, 267 
Munaya exotica I, 541 

— Kfenigii II, 648 
Murando III, 402 
Muse Baur I, 538 


Muschenbroeck 1, 130 
Muscone I, 537 

Muscus Acacise, arboreus II, 2 
Muscatel sage oil 111, 460 
Muspratt-Stohmann III, 342 
Miisssenda frondosa, officinalis, 
rufinervia I, 506 
Mustard oil I, 546; II, 518 

— — artificial I, 547; II, 523 

-preparation. 1, 547 

-assay I, 606, 608 

-history 1, 132 

Mutschler III, 391 
Mutterkraut 111^ 627 
Muttemeike III, 210 
Mutterzimt II, 441 

Myntza major I, 191 
Myrcene I, 279 

— (?) in the oil of Barosma venusta 

II, 643 

— in hop oil 11, 327 
Myrcenol I, 280 

Myrcenyl acetate (?) in the oil of 
Barosma venusta II, 643 
Myrcia acris III, 190 

— coriacea, pimentoides III, 191 
Myrica asplenifolia, cerifera II, 316' 

— Gale II, 314 
Myricaceae II, 314 

Myristica aromatica, fragrans II, 408 

— intermedia I, 504 

— moschata, officinaiis II, 408 
Myristicacese II, 408 
Myristicin I, 489 

— in the oil of the wood of Cinna- 

momum gianduiiferum II, 446 

— stearoptene II, 412, footnote 
Myristicinic aldehyde I, 489 

— acid I, 489 

-in nutmeg oil II, 412 

Myristicol II, 411; III, 55 

— in the oil of Monodora Myristica 

11, 407 

Myristinic acid I, 499 
Myrocarpus fastigiatus 11, 608 

— frondosus II, 608 
Myrocarpus balsam oil II, 608 
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Myronate of potassium 1, 547 
Myrosin I, 547; II, 510, 513 

— history I, 134 
liyroxy/ori Balsamum II, 603 
-var. punctatum II, 606 

— peruiferum II, 606 
Myrrh oil III, 110 

— history I, 152 

Myrrholic acid in oil of myrrh III, 113 
Myrtaces III, 184 
Myrtene III, 185, footnote 
Myrtenal from myrtenol 1, 392 

— in oil of false camphor wobd III, 665 

Myrtenol I, 391 , 

Myrtle oil III, 184 
Myrtol 111, 186 
Myrtus Cheken 111, 210 

— communis III, 184 

— Pseudocaryophy/lus III, 187 

N 

Nagai II, 369, 508; III, 670 to 672 

Nagasaki 111, 530, 531 

Nageli I, 457 

Nakamura II, 374 

Nandina domestica I, 433, 532 

Nania vera I, 505 

Naphthalene I, 281 

— in costus root oil III, 662 
fi'-Naphthol ether I, 495 
Nara III, 561 

Naranjita III, 107 
Narde I, 102 

Nardostachys Jatamansi III, 371, 689 

-history I, 195 

Nardus celtica I, 184, 195, footnote 

— indica I, 184, 195, footnote; II, 217 

— italica I, 184, 195, footnote 

— syrica I, 195 
Narrow-leaved ironbark III, 275 

-peppermint 111, 228 

Naschold I, 364, 512 

Nash 11, 21 
Ngsini I, 472 

Nasturtium otticinale II, 511, 520 
Native cypress II, 148 


Native peaches II, 350 
Nauciea fagifolia, polycephala I, 505 
Naudin I, 176, 248; III, 364, 366, 617 
Naval stores I, 94 
Ncctandra II, 484 

— Caparrapi, Puchury-major, Puchury- 

minor II, 487 
Neger II, 415 
Negra Mina II, 417 
Nehring II, 645 
NeHtris III, 588 
NeikenMStter 111, 209 
Nelkencassie II, 489 
Nelken/io/z II, 489 
Nelson II, 362; III, 556, 557 
Neomenthol in |apanese peppermint oil 
III, 518, 538 

Nepal camphor tree II, 443 

— sassafras II, 443 
Nepeta Cataria HI, 453 

— - G/echoma, Nepetella HI, 454 
Nephrodium fiiix mas 11, 5 
Nerd I, 195 

Neriurn Oleander ill, 401 
Nero di Bergamotto HI, 62 
Nerol I, 362 

— in bergamot oil HI, 64 

-Ceylon-citronella oil H, 227 

-- -- champaca oil H, 378 

— - wallflower oil II, 533 

-lavender oil III, 439 

~ — myrtle oil HI, 186 

-wormwood oil III, 644 

-ylang-ylang oil 11, 400 

— oxidation to citral 1, 426 

— synthesis I, 362 
tetrabromide I, 363 

Niroii Portugal III, 99 
Nerolidol I, 399 

Neroli enfleurage oil, properties III, 92 

— extract oil, properties III, 90, 91 

— oil HI, 88 

-distiHed, dextrorotation III, 90, 

footnote 

— oils, non-French, properties III, 92 

— pomade oil, properties HI, 92 
Herolin 1, 495 


47* 
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Neryl diphenylurethane 1, 363 
Neubert II, 537 

Neumann I, 71, 74, 104, 107, 111, 113, 
116, 117, 122, 124, 129, 130,146, ' 
154, 157, 164, 179, 190 I 

Neviusia alabamensis I, 533 
New gross Destiflierbuch I, 44 
Ngai-camphor I, 392; III, 603 
Ngai-ten I, 392; III, 603 
Ngai-p'-ien III, 603 
Ngai Yau III, 646 
Niaouli oil III, 296 
Niccolo Conti 1, 110 
Nicolardot II, 39, 41 
Nicotiana HI, 583 
Niederstadt II, 8 
Niemann II, 623 
Nietzki II, 546; HI, 374 
Nieuwland II, 594, 597 

— dawascena, sativa II, 370 
yV;^e//a-species 11, 372 
Nigritel/a angustifotia I, 521 

— suaveolens I, 428 
Nikkei II, 437 
Niobe oil I, 503 
Nitriles I, 531 
Nitrobenzene 1, 535 

— as reagent for pine tar oil H, 48 

— nitro compounds I, 535 

— poisonous properties I, 537 

— detection in bitter almond oil 11, 584 
Nitrophellandrenes 1, 325 
p-Nitrophenylhydrazine as reagent for 

butyric aldehyde I, 405 
Nitroprusside of sodium as reagent for 
acetaldehyde I, 405 
Nitrosocarvacrol I, 474 
Nitrosopinene 1, 297 
Nock 11, 48, 449 
Nonus Theophanes I, 138 
Nonylic alcohol 1, 350 

— aldehyde I, 350, 424 

— as adulterant of rose oil II, 575 
Nonylene (?) in Mexican linaloe oil 

III, 128 

Nonylene-l-methytketone in trawds leaf 
oil II, 498 » afc* 


Nonylic acid in camphor oil III, 623 
Nopinone I, 300 
Nopinic acid I, 299 
»-Norbomeol I, 289 
Norbomyl chloride 1, 289 
Norcamphene I, 289 
•T-Norcamphor 11, 339 
»-Nor/soborneol 11, 339 
Nor/sobomyl chloride I, 289 
Nortricyc/oeksantalal in sandal wood oil 
H, 340 

Nortricyc/oeksantalane (?) in sandal- 
wo6d oil H, 338 
Norway pine U 133 

— spruce 11, 117 

Nos moscado do Brasil II, 500 
Nowack 111, 199 
Nuanua leaf oil HI, 588 
Nuces muscatarum I, 123 
Niirnberg, Eusebius II, 214 
Nuscheler I, 53 
Nutmeg, Brazilian H, 500 

— oil II, 408 
-history I, 131 

— leaf oil, II 413 
Nut pine II, 93 

Nuttalia cerasiformis I, 533 
Nyctocalos brunfeisisefiorus I, 505 

0 

Oberlin 11, 645 
Occo I, 60, 93, 187 
Ocimene I, 280 
Ocimenol I, 280 
Ocimum americanum HI, 578 

— Basilicum III, 575 

-var. album, crispum 111, 575 

- pilosum as admixture to pat¬ 
chouly 111, 569 

— — — purpurascens, selasih besar, 

s. hidjau, s. mekah, thyrsifiorum 
. Ill, 575 

— canum III, 578 

— carnosum III, 582 

— gratissimum III, 580 

— micranthum III, 582 
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Ocimum minimum III, 

— nigrum III, 575 

— pi/osum, sanctum III, 582 

— viride Ill, 581 
Ocosotl I, 136 
Ocotea 11, 482, 484, 508 

— caudata 11, 480 
-• pretiosa II, 500 

— usambarensis II, 482 
Ocotea oil from Guayana II, 484 
Octoclinis Macieayana II, 149 
Octyl alcohol 1, 350 

— esters in malefem II, 5 • 

Octylene I, 278 ^ 

— alcohol I, 351 
Octylic aldehyde I, 406 
Ocuii Popuii II, 313 
Odell II, 138, 139 

Odor test 1, 555 footnote 
Odoriferous principles, preparation from 
flowers I, 243 
Oenanthe aquatica 111, 358 

— crocata III, 360 

— Pheliandrium III, 358 
Oenanthic acid in oil of Persea pubes- 

cens II, 479 
Oerstadt I, 116 
Oeser I, 130; 111, 188 
Oesterle II, 69 
Oglialorp II, 300 
Ogston ni, 62 
Ohme III, 64 

Oil of ambrette seeds 111, 160 

-American wormseed II, 359 

-angelica 111, 363 

-anise III, 341 

- Asarum europseum II, 352 

— — balsam tolu II, 603 

-bay 111, 190 

-bergamot HI, 58 

-betle leaves II, 309 

-bitter almonds II, 517 

— ~ bitter orange III, 56 
-black pepper II, 295 

— f~ Boisde Pose femellede Cayenne 

n, 479 

— — calamus II, 252 


Oil of camphor II, 447 
-Canada snake root II, 354 

— — caraway 111, 327 
-cardamom II, 284 

— — cascarilla III, 144 

-cassia III, 426 

-cedar leaves II, 169 

-celery fruits III, 318 

-leaves III, 321 

-chamomile HI, 614, 621, footnote 

-cherry-laurel II, 585 

-- ■- cinnamon II, 418 

-- leaves II, 423 

■ — clove stems HI, 207 

— — cloves HI, 195 

-cognac HI, 154 

-copaiba 11, 592 

-coriander HI, 306 

-- Cretian origanum HI, 482 

-cubebs II, 298 

--cumin HI, 314 

— -- cypress H, 154 
-dill III, 373 

— — East Indian geranium 11, 178 
-elecampane HI, 608 

-elemi 111, 131 

- Ennaikuiavo H, 600 

-erigeron HI, 601 

-- - estragon HI, 633 

-European pennyroyal HI, 501 

-fennel HI, 350 

-fir II, 101 

-fleabane HI, 601 

-frankincense HI, 116 

--galangal II, 277 

-German chamomile III, 621 

— — ginger 11, 280 

--guaiac wood II, 624 

-gurjun balsam III, 170 

-hops II, 326 

-hyssop HI, 476 

-jaborandi leaves H, 644 

-juniper II, 159 

-kuro-moji H, 502 

-^ Labrador tea III, 382 

i -- laurel leaves II, 504 

}-^vender III, 42! 
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Oil of lemon III, 7 

-lemongrass 11, 192 

-limes, limette 111, 78 

-lovage Ul, 361 

-mace II, 408 

-mandarins 111, 83 

-mastiche III, 148 

— — matico 11, 302 

-mustard 11, 518 

--myrrh 111, 110 

-myrtle III, 184 

-neroli Portugal 111, 99 

— — nutmeg II, 408 

-orris 11, 265 

-palmarosa 11, 178 

— — parsley Ill, 323 

-patchouly III, 562 

-pennyroyal 111, 467 

-peppermint III, 503 

-petitgrain III, 101 

— — pimento 111, 187 

-pine cones 11, 140 

-red cedar wood II, 164 

— — Rhodium III, 403 

-rose geranium II, 613 

-rosemary 111, 410 

-roses II, 549 

-rue II, 635 

-sage 111, 454 

-sandalwood II, 331 

-sassafras II, 490 

-savin II, 171 

-saw palmetto II, 250 

-spearmint 111, 553 

-spike III, 441 

-spoonwort II, 513 

-star anise 11, 378 

-storax II, 540 

-sumbul 111, 371 

-sweet basil III, 575 

-birch II, 318 

-marjoram III, 479 

-orange III, 52 

— — tangerines III, 83 

-tansy 111, 628 

-thuja II, 149 

-thyme III, 491 


Oil of valerian 111, 590 

-vetiver II, 209 

-water fennel III, 358 

-West Indian sandal wood 111, 107 

-wild thyme III, 498 

— — wintergreen 111, 384 

-wormwood III, 638 

-Ylang-Ylang II, 393 

-zedoary II, 274 

—■tree Ill, 672 

Oils, fatty, as adulterant of anise oil III, 345 
-capacity to absorbfloral perfumes 

I, 258 

-detection in volatile oils I, 613 

-for the adulteration of cassia oil 

II, 431 

— -ceylon citronella oil 

II, 236. 

--Mexican linaloe oil 

III, 129 

0/ea destilJata usitatoria 1, 140 

— etiropxa 111, 395 

— fragrantia 111, 163 
Olcaceae 111, 395 
Oleander leaf oil III, 401 
Oleic aldehyde II, 269 

0/eo essencia/ de Cahureiba ou Oho 
pardo II, 608 
Oleoresin orange Ill, 54 
Oleoresins III, 12 

Ohum Abelmoschi seminis III, 160 

— Absinthii III, 638 

— Amomi III, 187 

— Amygdalaruw arnararum II, 577 

— Andropogonis citrati 11, 192 
- muricati II, 209 

— Anethi III, 373 

— Angelical III, 363 

— Anisi 111, 341 
- stellati II, 378 

— Anonae 11, 393 

— Anthemidis III, 614 

— Apii graveohntis foliorum HI, 321 
- seminis III, 318 

— apopinense II, 508 

— Mx Faetidx 111, 368 

— As'ari canadensis II, 354 
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Oleum‘Asari europxi II, 352 

— Aurantii amari III, 56 

- dulcia III, 52 

- thrum duke III, 09 

— Balsam/ Copaivm II, 592 

- Peruvian/ II, 604 

- Toh/tani II, 603 

— Basilic/ III, 575 

— Bergamotla; III, 58 

— BetuliE lent/e II, 318 

— Buccu foliori/m II, 639 

— Calami II, 252 

— Canangse II, 393 ■ 

— Cardamomi II, 284 

— Carvi 111, 327, 330, 3’31 

— Caryopl/ylloru/n III, 195 
-e stipitihus III, 207 

— Cascarillae 111, 144 

— cedrinum I, 101 

— Chamomilix 111, 621 

— — citratum III, 621 

— — Homans III, 614 

— Che//opodii anthelmi/ztici II, 359 

— Cinnamomi Cassis II, 426 
- zeylanici II, 418 

— Citri III, 7 

— Cochicaris II, 513 
■ — Curiandri III, 306 

' — Cubebarum 11, 298 

— Cumini III, 314 

— Cupressi II, 154 

— Drac/znculi III, 633 

— Elemi 111, 131 

— Erigerontis HI, 601 ■ 

— FoinkuU 111, 350 

— Eoliorum Betk II, 309 

- Cedri II, 169 

- Cinnamomi II, 423 

- Jaborandi II, 644 

- Matico II, 302 

- Patchouli III, 562 

— Galangs II, 277 

— Gaultheris Ill, 384 

— Geranii II, 613 
- indicum II, 178 

— liedeoms 111, 467 

— Helena III, 508 


Oleum Humuli LupuU II, 326 

— Hyssop! Ill, 476 

— kidis II, 265 

— Juniper! II, 159 

— Kuron/o/i II, 502 
Lauri expressum II, 505 

- toUorum II, 504 

— laurim/m I, 131 

— Laurocerasi II, 585 

— Lavanduls III, 421 

— Ledi palustris III, 382 
— Levistki I, 176; 111, 361 

— Ugni Cedri II, 164 

- Guajaci II, 624 

- Hhod/i 111, 403 

- Santali II, 331 

[ - Sassafras I, 130 

I — Ligustici I, 176 
' — Limetts III, 78 
: — Unaloes 111, 118 
i - Macidis II, 408 
I — Hajorans III, 479 
; - Mandarins III, 83 
— Masticis 111, 148 
; - Melisss 111, 469 
i — Me//ths crisps 111, 553 

- piperits III, 503 

- Pulegii 111, 501 

- -- sativs HI, 553 
I — mirabik I, 30 
I — Myrcis 111, 190 
: - Myrrhs III, 110 
j - Myrti HI, 184 
j - Nucis rnoschati 11, 408 
I — Olihani III, 123 
! — Origan! Cretici Ill, 482 
I — Palmaross 11, 178 
! - Petitgrain III, 101 
I — Petroselini III, 323 
— Phellandrii aqt/atici 111, 358 
— Piments III, 187 
-• Piperis 11, 295 

Hadicis Helenii I, 196 
— Hosmarin/ HI, 410 
-- Hosarum 11, 549 

-- verum I, 140 

— Huts II, 635 
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Oleum Sabinx 11, 171 

— Sa/W* 111, 454 

— Santali ex India occidentali 111, 107 

— Sassafras 11, 490 

— SchaqueriHae 1, 158 

— Serpyl/i 111, 498 

— Sinapis 11, 518 

— Spicse 111, 441 

— Styracis II, 540 

— Sumbuli III, 371 

— Tanaceti III, 628 

— Terebinthinae Americanum II, 57 

— — gallicum II, 69 

— nu/ae II, 149 

— Thun's I, 156 

— Thymi III, 491 

— Vahrianx 111, 590 

— Vitis viniferse 111, 154 

— Wittnebianum I, 166 

— Zedoariae II, 274 

— Zingiberis 11, 280 

Olibanol in frankincense oil III, 118 

Olibanum oil III, 116 

Olibene = a-pinene 111, 117 

Oliva 11, 511 

Olive leaf oil III, 395 

Oliver! Ill, 27 

Oliviero III, 248, 287, 591 

Oleic acid I, 500 

-as adulterant of petitgrain oil 

III, 105 

-for raising the ester content 

I, 615 

-in saw palmetto oil II, 251 

Omam, omum 111, 338 
CEnanthic acid in oil of Artemisia fri- 
gida ni, 651 

Onobrychis sativa III, 432 
Ononis spinosa II, 610 
Ophiocaulon gummifer I, 532 
Opitz n, 257 
Opopanax oil III, 114 
Oppenheim i, 111, 22 
Optical rotatRm 1, 560 
Orange essence, districts of production 
(piaos) 111, 7 

flowar Extract oil 111, 98 


Orange flower oil 111, 88 

-history I, 152 

-sweet Ill, 99, 100 

-water III, 88 

-oil Ill, 91, 97 

I — flowers, extraction I, 251 

[-maceration I, 266 

; — group I, 84 

— oil as adulterant of coriander oil 

111, 309 

-lemon oil III, 52 

— — bitter III, 56 

-change of optical rotation with 

temperature III, 53 

-from immature oranges III, 105 

-sweet III, 52 

-terpenes, properties III, 54 

— rind oil, bitter III, 56 

I-sweet Ill, 52 

I — tree, history 1, 159 
Orchidacex II, 294 
Orchidie 1, 509 
Orchis fusca I, 509 
\ — miiitaris I, 509; II, 294 
I Ordonneau III, 157 
Oregon balsam II, 91 
Oreodaphne calitomica II, 485 
Origanene in Cyprian origanum oil 
111,488 

i Origanum cinereum, compactum, cre- 
\ ticum III, 490 
I — Dictamnus III, 476 

— dubium III, 486 

— tioribundum \\\, 490 

— hirtum III, 483 

-a aibifiorum 111, 484 

— Majorana III, 479, 480, footnote 

— majoranoides III, 480, 486 

— Maru III, 480 

[ — Onites, smyrnaeum III, 484 

— vuigare III, 473, footnote, 482, 489, 

footnote 

-history of oil 1, 189 

Origanum oil, Cyprian III, 486 

-Greek PI, 489 

-Sicilian 111, 489 

-Smyrna III, 484 
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Origanum oil, Syrian III, 488 

-Trieste III, 483 

Orinoco cinnamon II, 501 
Orris, liquid oil II, 270 

— oil II, 265 

Orsini I, 152 
O’Shaughnessy I, 160 
Osmites Be/l/diastmm III, 610 
Osmitopsis asterisco/des 111, 610 
Osmohydropflora noctama 1, 532 
Osmorhiza fongistyfis Ill, 306 
OssipoH II, 326, 327 
Osteomefes I, 533 , 

Ostrich as .symbol for a retort 1, 204 
Ostwald I, 557 

Oswald II, 385 

Osyris tenuifoUa 11, ,351 

Otto of Rose 11, 549 

Ottonia Anisurn, Jahorandi II, 313 

Ovid I, 146 

Oxalic acid as adulterant II, 620; III, 441 

-detection 111, 71 

-diethyl ester see diethyl oxalate 

-dimenthyl ester I, 389 

— — ethyl ester see ethyl oxalate 

-from geraniol I, 360 

Oxide 1, 525 

Oximation method II, 231 
Oxidase in oil of Rihes nigrum II, 537 
Oyster bay pine II, 147 
Ozonide of pinene I, 295 

P 

Pabitzky I, 170 

Pachylobus hexandrus 111, 141 
Pacific arbor vitm II, 152 
Paddy’s river box III, 286 
Pteonia Moutan 11, 368 
Pjeonol U, 369 
Paetzold II, 626 

Page II, 302, 566; III, 22, 27, 64 
jPagenstecher II, 545; III, 588 
Pagsainguin oil III, 136 
Paint oil II, 33 
Painter’s disease II, 14 
Paia de Meca II, 205 


Paha camelorum II. 244 
Palladius I, 142, 172 
Pa/ma; II, 250 
Palmarosa oil II, 178 

— • adulteration I, 614 

— — as adulterant of rose oil II, 570 

distillation in Ellichpur (illustr.) 
II, 182 to 185 

-- - original containers (illustr.) II, 
188 

Palmetto oil II, 250 
Palmitic acid I, 499 

-in ambrette seed oil III, 160 

-asparagus root oil 11, 262 

-burdock oil III, 658 

-Dutch myrtle oil II, 315 

— -hazel nut leaf oil II, 325 

I -iva oil III, 618 

'-matico oil II, 305 

j-oil of Chrysanthemum cine- 

] rarisefolium III, 632 

! --oil of Conium macufatum 

I III, 310 

! —-oil of Peucedanum Ostru- 

thium III, 674 

- Panuncu/us Ficaria 

II, 72 

- Rhus aromatica III, 153 

— -- Sambucus Ebu/us 

III, 589 

-— Sambucus nigra III, 589 

--- Spartium scoparium 

-- palmetto oil II, 250 

— -oil of Vitex Agnus-Castus 

III, 410 

— ■■ ■ — spike oil III, 594 
-lyhite birch bark oil II, 325 

— - — wood oil of Cinnamomum 

gianduliferum II, 445 
Palo bafsamo II, 625 

— bianco III, 586 
Pammel III, 327 
Panajotov II, 571 
Panao 111, 177 
Pancoast II, 496; 111, 654 
Pandanaceae II, 178 
Pandanus oil II, 178 
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Pandanus utilis and ylang-ylang cultiva¬ 
tion II, 395 

Pangiri, etymology II, 217, footnote 
Pangium ceramense, edule, maximum, 
muticum I, 532 

Panicum maximum, muticum I, 533 
Pan/am II, 334 
Pantzer III, 183 

Pad de aguila I, 151, footnote 

— pretiosa II, 501 
Paolini II, 225; 111, 044 
Pao/o amarello III, 667 
Papasogli II, 27, 28 
Papaveraceas II, 509 
Papousek II, 282 
Poplar bud oil II, 304 
Para balsam oil II, 593 

«- and /S-Paracotene II, 414 
Paracoto bark oil II, 414 
Paracotol II, 414 
Paradise grain oil II, 290 

--history I, 113 

Paraffin in birch leaf oil II, 325 

-geranium oil II, 620 

-hazel nut leaf oil II, 325 

-oil of leaves of Persea gratissima 

II, 479 

— CuHih, in oil of Chrysanthemum 

cinerarisefoHum III, 632 

— CanHao in Dutch myrtle oil II, 315 

— CaoHjs in arnica flower oil III, 655 

— CszHae in wormseed oil HI, 638 
m.p. 48 to 49° in Spartium scopa- 

rium II, 609 

-52 to 54° in chamomile oil 

III, 625 

62 to 63° in cardamom root oil 
II, 294 ' 

-63° in Italian oil of Crithmum 

maritimum \\\, 349 
Paraffin, liquid and solid in oil of 
Eucalyptus acervula III, 236 
Paraffins I, 277 

— in oil of Morjgda citritolia III, 587 
Paraffin oil as solvent I, 264 
Paraguay tee oil III, 153 

Para cress^, 612 


I Parasarone II, 255 
! Par6, Ambroise I, 224 
I Parinarium I, 504 
i ParmeliacetB II, 2 
: Parone III, 586 
Parrisius III, 393 

Parry I, 89; 11, 77, 199, 259, 284, 287, 
347, 348, 350, 388, 542, 575, 596, 
620; III, 18, 28, 32, 42, 45, 51, 52, 
55, 83, 105, 258, 291, 295, 407, 
418, 444 

Parsley camphor I, 171 

— herb oH 111, 325 

— root oil III, 325 

— seed oil I, <70; III, 323 
Parthenium argentatum III, 610 
Parthenoxylon oil III, 673 
Paschkis III, 568 

Passiflora alata, coerulea, edulis, faetida, 
hyhrida, laurifolia, maculata, 
princeps, guadrangularis, suhe- 
rosa I, 433, 532 
Passy I, 246; III, 105 
Pastinaca saliva III, 377 
Parsnip oil III, 377 

Patage des chissis. Spreading of fat 
on the chassis (illustr.) I, 259 
Patanfe III, 14, 30, 45 
Patchoulene 111, 571 
Patchouly alcohol I, 402 

— camphor I, 402 

-- herb, adulteration 111, 569 

— oil III, 562 

-from Penang leaves 111, 570, 

footnote 

-Singapur leaves III, 570 

-effect of fermentation on the oil 

III, 566 

-Java ill, 570 

Patent turpentine oils II, 33 

Pater 111, 508, 554 

Patrinia scabiosxfolia III, 593 

Patton III, 467 

Paul III, 586 

Paulli 1, 198 

Paulus .Cginetas 1, 162 

Pavame 1, 129 
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i ■ 

Pavesi II, 611 

Pavetta angustifolia. arborea, barhata, 
grandifhra, g. var. aurantiaca, 
g. var. Jutea, /ittorea, longiflora, 
hngipes, rosea, paludosa I, 505 
Pavonia Weldenii as adulterant of 
patchouli III, 569 
Payen I, 119; 11, 327 
Payena latilolia I, 532 
Peach kernel oil II, 578 
Peacock II, 357 

Pearson II, 8,3, 332, 443, 496; III, 172, 605 
Pebriers 1, 115 . 

Pechgriefen II, 75 

Peckolt II, 10, 210, 27b, 308, 31,3, 368, 
417, 500, 588, 592, 606, 608, 631, 
647; III, 14, 15, 187, 19,5,212,409, 
500, 574, ,582 

Pedro Cieza de Leon II, 62,3 
Peetz I, 229 

Pegolotti I, 108, 110, 112 
Peinemann II, 301 
Pelargonium species II, 613 
— roseiim II, 614, footnote 
Pelargonium oil II, 613 

-history I, 145 

-nonyl alcohol 1, 350 

Pelargonic acid from nonylic aldehyde 
I, 401 

-(?) in aqueous distillate of rose 

geranium II, 619, footnote 
Pelea madagascarica II, 634 
P6lig0t I, 78, 128; II, 286, 419, 429; 

III, 577 

Pelican as symbol for a retort 
1, 204 

Pelletier 1, 116, 154 
Pellia epiphy/la II, 5, footnote 
Pellnitz II, 47 
Pelly III, 402, 581 
Pelouze 1, 78, 134; III, 156, 168 
Peltodon radicans III, 574 
Pemba and Zanzibar (map) III, 198 
Penau II, 519 
Pengku/ii Kapur III, 167 
Pennyroyal oil III, 467 
-adulteration 111, 502 


Pennyroyal oil history I, 193 

-Russian III, 502 

Pentadecane in oil of Kasmpferia 
Galanga II, 277 
Peper Mint I, 192 

-black II, 295 

Pepper oil, history I, 113 
^ — long II, 297 
Pepperers I, 115 
Peppermint III, 282 

— camphor I, .387 

— gum tree III, 290 
~ oil, history I, 191 

— lapanese II, 624 

— production in japan (map) II, 468 
• ■ common 111, 545 

— distillation, American(illustr.) 111,520 

to 522, 525, 527 

— Hotchkiss III, 512 

— japanese, cultivation in Germany 

III, 504 

-(illustr.) Ill, 533 to 537 

— -German Southwest Africa 

ill, 506 

— -Hungary III, 508 

-distillation 111, 532 

-cultivation III, 531 

— red, black III, 543 

— Oil III, 503 

— — adulteration 111, 519 

— — American HI, ,520 

— -■ Bohemian III, 549 

-Chinese III, 549 

-color reactions III, 517 

-Dalmatian III, 548 

-examination III, 519 

-french HI, 542 

— — from dry fallen leaves III, 545 
-German HI, 546 

-English 111, 540 

-Hungarian ill, 549 

— — Italian III, 545 
-japanese HI, 529 

-— separation of menthol 111,536 

-jHitcham III, 540 

-Russian III, 547 

— plant, potash demand HI, 508 
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Peppermint production iil, 536 

— tree III, 277 
Peratoner III, U 
Percival 1, 172 
Pereira i, 82; il, 89 
Pereirora II, 501 
Perfumes, floral 1, 243 

PeriHa arguta, nankinensis III, 559 
Perilla alcohol, preparation III, 560 ' 
-in gingergrass oil II, 191 

— aldehyde III, 561 

d-Perilla aldehyde in oil of false camphor 
wood ill, 665 
Perillic acid III, 560 
Perip/us I, 114 

Peristrophe angustifolia 1, 521 
Perkin I, 288, 425, 472, 508, 521 
Perpulut III, 569 
Perrier III, 152, 632 
Perrot II, 172, 437 
Persea caroUnensis II, 479 

— caryophyllata II, 488 
~ gratissima II, 478 

— pubescens II, 479 
Persians, art of distillation 1, 16 
Persicariol in oil of Polygonum Persi- 

caria II, 359 

Personne II, 326, 327, 329 
Persoz I, 81, 198; II, 384; III, 630 
Peru balsam oil 11, 604 
Peruviol II, 605 
Pesci III, 359 
Pestwurz III, 654 
Petasites officinalis III, 654 
Peter II, 347 

Petersen II, 331, 349, 354; III, 107, 108 
Petit basilic III, 580 
Petite iavande HI, 42! 

Petitgrain citronnier III, 52 

— mandarinier III, 86 

— Portugal HI, 100 
Petitgrain* oil III, 101 
Petroleum, detection 1, 614 

— ether for extraction I, 248, 249 

— as adulterant of bay oils HI, 194 

-cajuput oil III, 295 

-cananga oil II, 404 


Petroleum as adulterant of cassia oil 
II, 431 

-Ceylon citronella oils II, 

236 

-lavender oil III, 441 

— --lemongrass oil II, 199 

-- palmarosa oil II, 189 

-peppermint oil III, 519 

— —-pine tar oil II, 104 

-— — staranise oil II, 387 

-turpentine oil II, 33 

Petroleum nuts II, 538 
Petrose/iixini sativum HI, 323 
Petrosilane III, 324 
Pettenkofer H, *580 

Petunga variabiUs I, 506 
Peucedanum araliaceum 111, 72, footnote 

— galhanifluum III, 370 

— grande HI, 372 

— graveolens III, 373 

— officinale, Oreoselinum HI, 372, 373 

— Ostruthium III, 373 

— rubricaule, Schai’r III, 370 
Peucedanum root oil III, 372 
Peumus Boldus H, 415 
Peyraud HI, 630 

Pfaff II, 353 
Pfister H, 490 

Plant wax, removal from concrete oils 
I, 251 

Pfruend 1, 58 

Pharmacopoea Augustana I, 132, 151, 
159, 161, 173, 178, 187 

— medica physica I, 130, 132 
Phaseoiunatin I, 534 
Phaseoius lunatus 1, 433, 532 

— Mungo II, 184 
Phellandral I, 432 
Phellandrene I, 322 

— identification I, 325 
—' in costus oil III, 662 

-oil of Eucalyptus acervula HI, 

236 

- campanulata III, 281 . 

-- pblebopbylla and reg- 

nans HI, 276, 277 
-- taeniola IH, 2M 
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^*Ph®^1*DdrcDe in oil of MAcodoniAn 
fennel ill, 355 

- Peucedaniim Ostruthium III, 674 

APhellandrene in oil of Eucalyptus 
Andrews! Ill, 285 

- 

III, 259 

-oil of Melaleuca bracteata III, 297 

-spearmint oil 111, 556 

</-«-Phellandrene in the oil of Cinna- 
momum Tamala II, 441 

-Dutch myrtle flowers ! 

II, 316 

,rf-Phellandrene, identifii^ation I, 325 

— in Italian oil of Crithmum mariti- 

mum III, 349 

-oil of Seseli Bocconi 111, .347 

«- and /tt-Phellandrene in starani.se oil 

II, 384 

rf-/?-Phellandrene in bupleuruni oil 

III, 313 

Phell'andrium aquaticum ill, 358 
Phenol in pine tar oil II, 105 

— in oil of Michelia lougilolia II, 378 
polyatomic in oil of Cryptomeria 

japonica II, 137 

— CoHijO-i in oil of Canadien snake root 

II, 356 

— CtoHuOt in Cyprus origanum oil 

III, 487 

— m. p. 44 to 44,5° in MutternelkenOI 

III, 210 

Phenol assay I, 590 
Phenol ether 1, 470 
Phenolcarboxylic acids, assay I, 594 
Phenols 1, 470 

— removal from volatile oils I, 275 
Phenylacetaldehyde I, 423 

— from phenylethylalcohol 1, 371 

— assay I, 584 
Phenylacetic acid I, 501 

-from phenylacetaldehyde I, 423 

-phenylethylalcohol I, 371 

iPhenylacetonltrile I, 535 
—'from garden nasturtium II, 621 

— in oil of garden cress II, 512 
Phenylethylalcohol I, 370 


Phenylethylalcohol in champaca oil 11,376 

-geranium oil II, 619 

Phenylethylene II, 540 
Phenyl mustard oil I, 550 

— from water cress II, 531 

Phenyl in oil of Brassica t^apa var. 
rapllera II, 528 

Phenyl-«-bromolactic acid I, 423 
r-Phenyl butyric acid I, 530 
Phenyl-«-chlorolactic acid 1 , 423 
m-Phenylene diamine hydrochloride for 
the preparation of aldehyde-free 
alcohol III, 39 

— for citral assay III, 410 
Phenyl-1-«-furyl-3-allene I, 530 

1-Phenyl-,3-«-furylpropane III, 657 
i Phenylethylalcohol in champaca flower 
' oil II, 376 

Phenylhydrazine method for citral assay 
ill, 35, 41 

I-for citronellal assay II, 231 

I Phenyl hydroxy acetonitrile, see benz- 
i aldehyde cyanohydrine 

Phenylpropionitrile I, 535 
Phenylpropyl acetate in cassia oil 11,430 
Phenylpropyl alcohol I, 372 

- - from cinnamic alcohol I, 373 

- -- identification I, 373 

Phenylpropylcinnamate in storax oil 

II. 541 

Pherosphaera Fitzgerald! II, 6 
I Plu'ladelphus Coronarius I, 543 
1 Philiatrus I, 55 

i Philipp I, 612, II, 576, 598, III, 173,174 
i Phloracetophenone dimethylether 1,494 
I — in oil of Blumea balsamHera HI, 

I 605 

I „ - Xanthoxylumalatum\\,b2$ 

I-- Aubertia II, 631 

I Phlorol /sobutyric acid ester in arnica 
root oil III, 656 

i Phlorol in pine tar oils II, 104 
’ Phlorolmethylether in arnica root oil 
[ III, 656 

: PhoHota radicosa I, 532 
’ Phosphonium iodide as reagent for 
, octylic aldehyde 1, 406 
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Phosphorus poisoning, turpentine oil as 
antidote II, 14 

Photinia arbutifolia, Benthamiana, ser- 
rulata, variabilis 1, 533 
Photoanethol I, 478 

— in anise oil III, 344 

Phthalic acid ester as adulterant 11, 620; 
111, 441 

Phthalic acid menthyl ester I, 389 
Phthalic acid as adulterant of geranium 
oil 11, 620 

Phu 1, 193, 194, 195 
Phyllanthus cochinchinensis 111, 146 

— zeylanicus 1, 505 
Phyllocladene 11, 8 
Phyllocladus rhomboida/is II, 7 
Physical constants I, 556 
Piccard I, 335; II 313 

Picea alba II, 129 

— canadensis 11, 132 

— Douglasii II, 131 

— Engelmanni II, 133 

— excelsa II, 85, 117, 118 

— Mariana II, 132 

— nigra II, 29, 130, 132, footnote 

— obovata II, 125 

— rubens II, 133 

— rubra II, 133, footnote 

— vulgaris II, 85, 117 
Pichurlm bean oil II, 487 
Pickard III, 538 

Pickles II, 192, 243, 245, 315, 444; III, 
471, 484, 487 
Picfocrocin II, 266 
Picul II, 469, footnote no. 5 
Pierardia duicis I, 505 
Pierlot III, 591 

Piesse I, 89; III, 54, 622, 623 

Plest U, 49 

Pigafetta I, 123, 163 

Pigot II, 332 

Pitea oil II, 330 

Pilet 1, 89 

Pilgrim II, 425 

Pili III, 131 

Pillet 1, 89; III, 102 to 104, 306 
Pilocarpene 11, 645 


Pilocarpus Jaborandi, racemosus II, 644 
Pilz III, 508 
|9-Pimelinic acid 1, 453 
Pimenta acris III, 191 

— citrifoiia III, 191 

— officinalis III, 187, 189 
Pimenta leaf oil III, 189 

— oil 111, 187 
Pimpineiia Anisum 111, 341 

— nigra, saxifraga III, 346 
Pimpineliwurzel III, 346 
Pin de Bordeaux II, 64 

! — maritiifie II, 69 
I Pinaceae II, 8 , 

I Pinangnut II, 309 

I Pinene in oil of Athrotaxis selaginoides 
\ II, 137 
j Pine cone oil II, 134 
I — needle oils II, 110, 111, 124 
; — tar oils II, 102, 104, 105,107,1(», 109 

--as adulterant II, 104 

-detection in turpentine oil II, 47 

Pinene, conversion into bomeol I, 393 

— detection by means of oxidation 

with mercuric acetate II, 173 

-in lemon oil according to Chace 

111, 44 

— in Borneo camphor oil III, 168 

— — Dutch myrtle flowers II, 316 

— ^ mastiche leaf oil HI, 149 
-oil of Cinnamomum glanduli- 

ferum II, 443 

- Eucalyptus Muelleri and 

Perriniana III, 253 

— (?) in oil of Prostanthera cineolifera 

111, 420 

— in oil of Vitex Agnus-Castus III, 409 
rf-Pinene in the oil of Callifris Muelleri 

II, 148 

--- Eucalyptus Gunnii III, 259 

- unialata, urnigera und 

vernicosa HI, 254 

-Russian turpentine oil II, 77 

APinene (?) in oil of Alpinia Galang» 
II, 279 

— in the oil of Callitris Muelleri II, 148 
- Seseli Bocconi 111, 347 
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Pinene hydrochloride, so-called 1, 295 

— nitrolbenzylamine -nitrosochloride 

■piperidine 1, 297 

— oxide 1, 526 

— ozonide I, 295 
»-Pinene I, 290 

— in Indian turpentine oil II, 82 
-carrot oil III, 381 

-Manila copal oil II, 9 

-Smyrna origanum oil III, 48b 

the oil of C&Uitris intratronica 
li, 144 

' -- rhomboidea II, 146 

J^os/a japonka III, 562 

- Peiicedanum Ostru- 

thium III, 674 

Piper aciitrfoliiim var. 
subverbascifoUum II, ,308 

— Ramona staehyoides 

III, 461 

--savin II, 173 


<7-«-Pinene in oil oi tiicalyptus Rodwayi 
III, 254 

Melaleika genistifolia 
. Ill, 298 


-- gibbosa HI, 299 

Pberospbxra Fitzgeraldi 
II, 7 

Thuja pikata II, 151 

- Thymus Mastichina III, 497 

-star anise oil II, 384 

— - the oil of Taxodiurn distkhum 

II, 139 

-Philippine turpentine oil II, 85 

-Yu-)u oil III, 672 

l-n-Pinene in French peppermint oil 
HI, 544 

-oil of Dacrydium PrankUnii 11, 7 

Piicalyptus phlebophylla 

ill, 276 

“ ~ Parthenium argentatum 

III, 610 


So/idago odora HI, .599 
~ Thuja p/icata 11, 151 

-turpentine oil from Pinus echinata 

and tceda II, 69 

— introduction of name 11, 22 
rf-«-Pinene in Cauri copal oil H, 9 

French oil of Crithmuni niariti- 
mum III, 348 

So/idago nemora/is 

HI, 601 

-Manila copal oil II, 10 

-mastiche oil HI, 149 

-oil of Actinostrobus pyramida/k 

II, 140 

- j^ggtfiis robusta II, 10 

- Cal/itris ca/carata 11, 146 

- Orummondii H, 147 

-— gracilis II, 145 

— -- tdac/eayana and 

ohlonga 11, 149 

-- robusta 11, 141 

- tasmanica 11, 147 

- verrucosa II, 142 

- Canarium viHosum III, 136 

- Eucalyptus acervu/a 

III, 236 


— oil of Phyllocladus rhomboida/is 
H, 8 

-— So/idago nemora/is HI, 601 

- ' rugosa III, 600 

ff-Pinene I, 298 

in American wood turpentine oil 11,105 

— ■■ Borneo camphor oil HI, 169 
-camphor oil H, 462 

-Manila copal oil H, 10 

— — petitgrain oil HI, 104 

-Indian turpentine oil II, 83 

-oil of Canarium viHosum HI, 132 

-oil of So/idago rugosa III, 600 

-Philippine turpentine oil 11, 85 

-Seychelles cinnamon oil II, 421 

-Yu-)u oil HI, 672 

APinocamphone in hyssop oil 111, 478 
Pinocarveol I, 390 

Pinol I, 294, 296, 525 

— from turpentine oil H, 29 

— hydrate 1, 294 
Pinolin H, 42, 44 

Pinonic acid from n-pinene I, 295 
Pinus Abies 11, 80 

— australis 11, 57 

— balsamea II, 89 
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Pinus caoadensis II, 131 Piper II, 301 

— Cedrus II, 134 — acutifoiium var. subverbascifoiium 

— Cembra II, 80, 128 II, 303, 307. 

— cubensis II, 57 — angustifoUum 11, 302, 800 

— Doug Iasii II, 131 -var. Ossanum II, 303, 306 

-var. brevihracteata II, 131 — agperifoUum II, 303, 307 

-— taxifoiia II, 131 , •— Ae/le, II, 309 

— echinata 11, 57, 69 t- cafnphorifetvm 11, 303 


— edulis II, 133 "yt 

— excelsa II, 83, 1!14 ’ '* • , 

— fiexilis II, 133 " 1 ' • 

— haiepensis II, 76, 80, 27 _ 

-- heterophyiia il, S ■ ■ _ ,, , 

— insuiaris II, 85 _ • 

— Jeffreyi I, 277;-. II, 06 ' _ • 

— Khasya II, 83 ’ ' ; ' 

— Lambertiana in,j.234, foothote 

— Laricio II, 73, .129 ■ , ; . 

-var. ^strlaca II, 73 

- Paliaslana .11, 8^ ■ , 

— LarixK, f ' 4 ' ,4 - ' 

— Ledelmpi 11, K)^ .* ., 

— longilolia III, 82 . 

— maritima Mill. U, 127 * 

-Poir. 69 • “ ^. , •' ■ 

— Merkusii II,'83 

— mitis II, 57__ . ^ 

— montana, Miighus ll, 41^ ‘ 

— Murrayana\y 93,'JM 

— paiustris ll, 6!, W 

— P/cea 11, 85.'«6 ‘ 

— Pinaster 11, 69, 76 '. ■, ' r 

— ponderosa 11, 92, 132 , 

— Fhtmiiio II, 120 • , 

— resinosa II, 92, 133 

— rigida II, 133 

— Sabiniana 1, 277; II, 88 

— serotina 11, 93 

— silvestris II, 77, 102, 105, 122 

— Strobus II, 130 

— taeda II, 69 

-var. heterophyiia II, 57 

— taurica II, 80 

— taxifoiia 11, 131 

— Thunbergii 11, 84 

Pinylamine acetate, conversion to pino- 
carveol I, 391 


I — Ciusii 11, 297 
I — .craas/pan'll, 298 
[• -* Qubeba H, 298 

I •— varj pinoe kataentjar and t/aroe- 
•/ae*-II, 298 

I — <Pamechoni II, 312 
! — genial latum 11, 308 
I — japonicutli II, 626 

— Uneatum. ll, 303, 307 
.— longam II, 297 

1 — Lowong ll, 29^ 301 
Madoni 11, 307 • < 

Melegueta 11, 29p 
j — maHissimum 11, 298,- 303, 307 

— nigrum II, 295 >» 

1 — officinArum lit 297 f' 

1 - 3 - ovbtum fl, 297 
i ■— rib&ieides |1, 298 
-!r umbellatum 11, .313 

— venosum II, iW8» 

■*— Voifepsii n, 307 

Pipen^ae \\, 295 
■Pipe^arii fi 115 
Piperin, .hpfiotropin from I, 430 
. Pipfritone, chemical III, 283 

— \nin6f Eucalyptus Andrews! l\\, 28b 

:- ceunpanulata and 

. coriacea III, 281 

- Deiegatensis III, 284 

- dives III, 282 

--- linearis 111, 259 

- Luehmanniana 111, 281 

— -— oreades 111 , 282 

j- panicuiata HI, 236 

\ - - radiata 111, 283 

j- regnans HI, 277 

- Sieberiana HI, 282 

- taeniola III, 285 

!- yitrea III, 280 






Piperon«l see heliotropin 
Piperonylacrylic acid wobutylamide 
II, 633 

Wperonyl alcohol 1, 430 
Hperonylic acid I, 486 
Piquage H, 72 

Piria 11, 545 •J' # 

Pirolaceas 111, 382 j,» r- i 

Pirus see Pyrus ■* ■ . 

— Malus II, 547 ' ,■ . •' 

Piso II, 608 t .. j . , 

Pistacia Lentiscus \\\, \A^l r • 

— Terebinthus I, 92 * , ‘ \ “ 

— vk paixstina 111, 15(J ' 

Pitanga amarella III, 2\2 * 

Pitch pine II, 42, 133 
Pittosporacex II, 538 [ . ■ ' 

Pittosporum pentandrum ll ,'''639 • 

— resiniferum I, 277; II, m 

— imdulatum II, 531 ■ » ‘ 

Piver I, 148, 264 ■ 

Planche III, 327 j 
P lanchon II, 88 ' , ' , ; v 

Plant wax, renmvaf froth concrete oils 
1 , 281 

von Planta-Reichenaii 111, bid - 
Platearius I, 109, 14^, ^7, 182- 
Platinum black as reducing agbnt I, 359 
de Plato II, 578 - ' 

Plautus I, 122 ' .* ’• 

P/ectranthus fruticosus is adfnixtureto 
patchouli leaves HI, 569 ‘ ■ 

— Patchouli III, 563 t ^ 

Phctronia dicocca I, 533 ; 

Pleijel II, 519 ‘ ^ 

Pleissner I, 444; III, 502 • ' ’ * | 

Pleope/tes phymatodes II, 6 ‘i 

Pless II, 511, 513, 517, 529, 619 i 

Pliny I, 19, 37, 98, 100, 101, 111, 113, i 

132, 133, 142, 146, 155, 172,177, i 

179, 184, 189, 193, 196, 202 : 

Plowman I, 394; III, 603 
Pluchea camphorata, fatida III, 606 ! 

Plumiera oil III, 401 
Plutarch I, 107, 111, 155 
i^neionatlc method for the extraction | 
flowers I, 264 

QlloeMEISTER, The volatile oils. 111. 


Poa pratensk I, 532 
Poco-olie 111, 552 

Podocarpus chinensk, Nageia I, 504 
Pogostemon Cabtin III, 563 

— comosus 111, 563 
— Heyneanus III, 563 

— paniculatus III, 563 
‘ T J^atqboulf III, 563 

—t Patcl»»li, 'suavk III, 563 
; Poiteau lit If- 
j Pokre 1. 163 ' ^ 

I ^ 'rf’dne Ml, 470 
i Polack II, .74 

1 Polarisation ^ cdmpbsition of volatile 
I, oils I,',273. ,.4 j . 

I Poiarllation lamp with sodium light 
1 . according fo Beokmann 111, 615 

j Ppleck li; 353, 567,,568 
} Polehske. Ill, 517 - l ' 

PoUanth'ea tubetosa ■tl,'263 
Pplier 1, t41 , J* 

Polygaia iBaldwipi„ paJtarea, javana, 
' •, okittm, S^bgp, $‘.4llf.'latifoIia, 
, se/pyAicea}. uar/abm, avulgark 
1, 505 * , •. 

Polyga/aceat4ll, 144 
Polygonum 'Perslcatik -U, 359 
■ Polyphfagmon i; 506 • 

Polypodkced II, 5' ■ , * 

1 Polypotiiam pMymatodeH, ll” 6 
f - ^uerc/Zo/ram It,' 499, footnote 
I Pq^poraceae II, I , 

1 Polyporus igniahiis H, 2, liiotnote 
I Polysulp^es in volatile oils I, 546 
Poljderebene I, 82 
PolyzQbium rosalbtim. I, 454 
Pomade, mixture of fats for I, 260 
Pomeranz I, 549; II, 496, 522; III, 64 
Pomeranzenbluten III, 99 
Pomet I, 162; II, 378 
Pommade franqake I, 260 
Pommerehne II, 371 
Pompelmus HI, 87 
Ponce de Leon I, 129 
Pond 1, 89 
Pond pine 11, 93 
Pool II, 594 
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Pope n, 29 , 

Poplar bud oil 11, 313 

— leaved box 111, 243 
Popowia Capea III, 666 
Populus nigra U, 313 
Porsch III, 382 

Port Macquarie pine II, 149 
Porta 1, 49, 36, 93, 113, 115, 123, 128, 
133, 136, 140, 150,’ 152, 161,164, 
168, 173, 175, 183, 186, 191,199, 
229 

Porto Alegre 111, 143 
Posselt II, 395 
Posth I, 523; 111, 608 
Potomorphe umbellata II, 313 
Potter II, 298, 

Potassium bisul’phate, action on geraniol 

I, 359 

— bisulphite for citral assay Hi, 31, 34 

— methyl salicylate I, 507 
Pourret 111, 406 

Power 1, 279, 280, 311, 351, 490, 390; 

II, 24, 129, 271, 321, 355, 410, 
• 412, 419, 485, 486, 496, 497, 538, 

567, 587, 610, 636, 646; ill, 148, 
193, 311, 360, 388, 404, 475, 519, 
526, 542,'556, 584, 602, 625, 654, 
655, 662, 675 
Powell III, 8 
Prael 11, 593 
Prantl H, 599 
Prescott II, 623 
Preuss II, 242, 604' 

Pribram 111, 584 \ 

Priess II, 631 
Priestley 1, 76 # 

Prileshaev I, 525; III, 126 
Primula root oil III, 391 
Primula acaiilis 111, 395 

— Auricula, capitata, cashmeriana, 

cortusuoides III, 395 

— e/aWor III, 391, footnote, 395 

— Porsterii, trondosa, involucrata, 

japonica III, 395 

— /(ewensis III, 392, 395 

— longiflora, megaseifolia, mollis, 

■ obconica III, 395 


Primula otficmaiis Ul, 391, lootnott w 

— PalinuriiPanmnkaiPoi&^ii, rosea 

Hi, 3% 

— vetis III, 391 

— verticillata HI, 395 

— vulgaris III, 391, footnote 
Primula camphor III, 391 
Primulaces III, 391 
Primulaverin I, 506; III, 393 
Primverase, primverin, I, 506; HI, 392 
Primverose 111, 393 
Prinsen-Geerligs HI, 295 

Prioria copaifera H, 601 
Priprioca H, 501 

Processo alia spugna in production’of 
lemon oil HI, 12 

Procter 1, 110, 137, 181; II, 319, 492, 
494; HI, 388, 598 

— S. and W. 11, 587 

i Production areas of essences of orange, 

I lemon and bergamot in Calabria 

and Sicily (map) HI, 7 

— — — oil of cloves in Zanzibar and 

Pemba (map) III, 202 
/>Propenyl anisol 1, 476 
4-Propeny 1-1,2, Strimethoxybenzene 
1, 487 

4-Propenyl-l, 2,6-trimethoxybenzene 
1, 489 

Propionic acid I, 498 
m-Propylphenol from safrol I, 486 
Prosfanthera cineolifera III, 420 
Protium altissimum H, 480 

— Carana, heptaphyllum HI, 131 
Protocatechuic aldehyde methyl ether 

I, 428 

-methylene ether 1, 429 

Proust 1, 183, 187; III, 437 
Prulaurasin I, 421, 534 

— hydrolysis II, 585 
Prunase 11, 579 

Prunus adenopoda, alleghaniensis, 
Americana I, 533 

Amygdalus Armeniaca I, 533; H, 577 

— avium, Besseyi, Capollin, canalP 

niana I, 533 

— Cerasus I, 533; II, 547 , 
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■AinygtMus Oumxcerasm, divtncata 
; ,1/533. ' 

‘~;domestiat 1, 533 j If, 547 

javattica, Laarocerasm, lusitan/ca 
1, 533 

— Mahaleb I, 521 

T- nana, occidentalis I, 533 

— Padua I, 533; II, 547, 587 
pendula, pennaylvanica I, 533 

— Peraica I, 533; II, 547, 578, footnote 

— Puddum I, 533 

— aerotina I, 533; II, 587 

— aphxrocarpa I, 533; II, 588 

— apinoaa I, 533; II, 547 

— aubhirtel/a, undii/ata' I, 533 

— virginiana 1, 533; II, 587 
Paeudocaryophy/bia aericeua III, 187 
Pseudocedrol II, 168 
Paeudocymopterua aniaatua III, 367 
Pseudoionone I, 417, 465 
Pseudopinene II, 22, footnote 
Pseudo-{/<)-selinene III, 320 
Paeudotauga denudata var. g/auca, var. 

taxifoHa, Dougtaaaii II, 91, 131 

— Lindhyana II, 131 

— mucronata II, 91, 131 

— taxifoUa II, 91 

-var. ehngata II, 131 

Paidium Guayava I, 532 

— montanum HI, 187 
PaoraJea bituminoaa II, 611 
Paycbotria ce/aatroidea, rohuata, undata 

1, 506 

Pteria aquiUna I, 533 
Ptychotia Ajowan 111, 337 
Puccinia Mentbss III, 504, 506, 507 
Pulegenic acid I, 445 
Putegium micrantbum HI, 502 

— vu/gare 111, 501 
Pulegol 1, 445 
Puisne I, 443 
•/ assay I, 589 

r- In oil of Mentha arvenaia var, 
. gkbrata HI, 550 
TOduction to menthol 1, 387 
Pulegol^ OXaminoxime I, 446 
Piilffjsh i; 562 


‘ Putnllone 11, 121 
Punans III, 166 
Puran Singh 11, 331 
Putchuk III, 659 

Pycnanthemum incanum, lanceo/atum, 
linifolium HI, 490 
Pycnometer (fig.) I, 557 
Pygeum africanum, latitolium I, 533 
—* parviflonim I, 533 
Pyrethrum caucaaicum I, 532 

— indicum HI, 631 

— Parthenium HI, bZI 

Pyridine for the preparation of esters 
I, 360 

-• in oil of wall-flowers II, 533 
Pyrogallol dimethylether in Scheih oil 
HI, 668 

Pyromucic acid from furfurol I, 431 
Pyrrole derivatives (?) in neroli oil 111, 97 

— in petitgrain oil HI, 104 

— oil of immature oranges HI, 105 
Pyrua Americana, Aria, Aucuparia I, 

533 

— communia I, 426 

— Cydonia, germanica, japonica 1,533 

— Maiua I, 533; II, 547 

— MeapUua pinnatiiida, f^ingo, specta- 

biiia, torminaiia I, 533 

Q 

Quadrat II, 265 *>' 

Quandong H, 350 
Queensland Kauri lf{f«10 
Quercigh Hi, 47 

Quercua bancana, glsJfdulifera, Jung- 
huhnii, paeudomoluccana, spi- 
cata, Teyamanni I, 504 
Queysanne II, 18 
Quina-Quina 11, 606 
Quinic acid in black currant oil II, 537 
Quino-Quino balsam oil H, 606 
Quinta eaaentia I, 43, 63, 202, 
Quinteasencea I, 251 
Quintessence I, 28 
Quinton 111, 581 
Quipita wood oil III, 663 
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R 

Rabak II, 82, 89 to 91, 316, 373, 479, 
494; m, 142, 216, 346, 461, 462, 
463, 465, 467, 550, 602, 606, 650 
to 652 

Rabenbofst 11, 314 
Rackwitz II, 603 
Radcliffe III, 400 
Radish .11, 524 
Radisson 11, 379, 382 
l^adix caryophyllata II, 594 

— Indica, Lopeziana 11, 646 
Radziszewski 1, 423 
Rafinesque III, 384 

/^age tanacitique III, 631 
Ragweed III, 611 

— see also Ambrosia 
Raikov, 11, 572 
Haintam HI, 628 
ffaiz Moras II, 210 
Ralla 1, 58 

Rama Rao II, 331 
Ramet 1, 167 

ffamibres (cut) II, 189; III, 6 
[Ramona stacbyoides 111, 461 
F(andia densifhra, dumetorum, 
uHginosa I, 506 
ffanunculacex II, 368 
Ranunculus Ficaria 11, 372 
Raphanol in spoonwort oil II, 515 

•-Spanish radish II, 529 

Raphanolid H, 530 

— in water cress II, 531 
Haphanus sativus II, 528 

— and var., mustard oil content II, 528 
Raquet II, 519 

Rasamala resin oil 111, 139 

— wood oil II, 543 
Raspberry oil II, 548 
Rauchfuss III, 383 

’ Hautend! II, 635 
Rautert HI, 155 
J^auwolfia spectabilis 1, 505 
Ravenna II, 585 
Ray 1, 192; II, 393 
, Raybaud HI, 185 


Raymundus Lullus 1, 31, ’33 
von Rechenberg II, 345, 382, 397 
Recluz I, 145 
Red box III, 237 

— cedar II, 70, 152, 164 

— fir II, 131 

— flowering ironbark III, 252 

— gum HI, 227, 259, 266 
-of Tasmania III, 536 

— ironbark HI, 276 ■ 

— mahogany HI, 237 
- mallee HI, 257, 261 

— pepperpiint HI, 228 

— pine 11, 133 

— spruce 11, 193 

— stringy-bark III, 268 
Redi I, 121 

Reeb HI, 632 

Reformatzky I, 364; 11, 568 
f^eformierte Apothek I, 48 
Refraction and the composition of 
volatile oils I, 273 

— index of I, 561 

— molecular I, 563 

— specific I, 562 
Reiche 1, 161 

von Reiche Hi, 180, footnote 
Reiff see Ryff 

Reimer I, 425; H, 591; III, 160 

— see also Haarmann 
Rein 11, 58, 379; III, 367, 646 
Reinhart 11, 193, 336, 370 
Reinsch II, 370 
Reinwardt III, 293 
Reischauer, viscosimeter III, 47 
Rectification apparatus see Distilling 

apparatus. 

Rem(m)ler 1, 151, 162 
van Renesse HI, 377 
Removal of plant wax from concrete 
oils 1, 250 

Reseda-geraniol H, 535 
/Reseda odorata H, 511, 535 
F(esedacese 11, 535 
Resene, relation to terpenes II, 29, 
fiesina de pinheiro 11, 10 

— elemnia I, 156 
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Resorcinol method for the determination 
of cineol I, 601 
Hetinospora obtusa II, 158 
Reuniol I, 364; II, 568, 618 
Reutter 111, 150 
Reverchon III, 421 
Reychler II, 398 
Reymann I, 122 
Rhamnus 11, 298 

— frangula I, 532 
Rhaponticum oil II, 358 
Rhases 1, 205 

Rhazes I, 108 

van Rheede tot Draakenstein I, 102, 
104, 111, 112, 116 
Rheindorff II, 42, 414 
Rheum Rhaponticum II, 358 
Rhizoma Aristohchix Paraguay II, 358 
-- Galangm II, 277 

— s. Radix Galangae majoris II, 278 

— zedorise rotundas II, 276 
Rhodian cups 1, 101 
Rhodinal I, 418 

Rhodinol I, 357, 363, 364; II, 568 
~ de Pelargonium II, 618 
Rhododendron III, 384 
Rhodotypos kerrioides 1 , 533 
Rhus aromatica III, 153 

— Cotinus III, 152 
Ribbon box ill, 235 
Ribes aiireum I, 532 

— nigrum II, 537 

— rubrum I, 532 
Richardson II, 30 
Richmond II, 9, 85 
Richter HI, 381 
Ricinus communis 1 , 532 
RiechhOizer III, 158, footnote 
Riedel II, 607 
Riemen II, 77 
Rigand I, 122 
Rikli III, 363, 413 
Rimini II, 441 
Rinnpech II, 74 
Rinoe badaJr II, 298 
Riond-Kiku oil III, 632 

gum III, 259 


I Risse II, 166, 169,214; III, 270, 320, 321 
I — see also Semmler 
I Risso III, 82 
I Ritsema II, 648 
; River red gum 111, 239 
I — white gum III, 283 
I Rizza II, 353; III, 383 
I Roark III, 644 

I Rob de Latfecteur I, 181, footnote 
I Robbins II, 26 
j Robes II, 487 
i Robillard I, 145 

Robinia Pseudacacia I, 543; II, «12 
i Robinson II, 83 

1 Robiquet 1, 79, 134, 144, 247; II, 526 
I Rocher II, 644 

Rochleder I, 84,188; II, 430,644; HI, 457, 
591 

Rodie II, 175 
Roeder 1, 416, 448, 450 
Roeser II, 519 
Rogers HI, 172 

Rogerson 11, 610; III, 153, 404, 585 
Rojahn 1, 329; II, 254, 283, 541, 569; 

HI, 26, 28, 109, 205, 573 
Rolet HI, 543 

Roman chamomile oil, history I, 1% 
-HI, 614 

— wormwood HI, 611 
Romans, art of distillation I, 19 

van Romburgh I, 280; H, 176, 276, 277, 
413, 442, 498, 543, 603,612,623; 
HI, 144, 162, 163, 168, 303, 578, 
587, 595, 616 

Romeo III, 17, 34, 43, 62, 67, 84 
Romiro HI, 413 

— santo III, 449 
ROmische Myntza I, 191 
Ronsch 1, 122 

Roob Juniper! II, 160 
Rosa alba, canina, centitolia, damascena 
II, 552 

— gaUica II, 549,, 553 

— mgosa 11, 552 
Rosaceae II, 545 
Rose II, 153 

Rose i Parfum de f/iay II, 552 
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Rose extract oils II, 360 ^ 

^ fields, Miltitz (illustr.) 11, 559 

— geraniol II, 558 j 

— geranium 11, 613 ' i 

— harvestinBulgaria(illustr.)Il,550,551 i 

— Maceration I, 266 

— of lericho I, 137, footnote 

— oil II, 549 

-acetylation II, 574 

-adulteration II, 574 

-Anatolian 11, 553 

-Bulgarian, production II, 554 

— — composition II, 566 1 

- congealing point II, 572 1 

-determination of stearoptene con- ! 

tent II, 564, footnote, 573 

-spermaceti content II, 573 j 

-distillation (illustr.) 1, 240 

-examination II, 570 | 

-French II, 560 

- f^osa centifolia, properties II, j 

564 

-from tea roses, properties II, 565 . 

-various parts of flower, pro¬ 
perties II, 565 

-white Bulgarian roses, pro- | 

perties II, 560 > 

-German, production II, 558 1 

-history 1, 16, 137 

-production in Bulgaria (map) II, 

552 

--(curve) II, 576 

- /^oseraie de I’Hay, properties 

II, 565 

-Russian, Spanish, properties II, 566 

-still, Bulgarian (cut) II, 554 

-Turkish, false designation II, 556 

— perfume, production by extraction II, 

560 

— pomade, production II, 560 

— stearoptene I, 278 

— yield of oil when extracted I, 251 
ffosenholz III, 403 

Rosenhut, histoty I, 210 
Rosenthal III, 146 
Rosenthaler 11, 578; III, 336 
Rosenstiehl III, 154 


Roseol I,' 364; H, 567 
Roslianovitch I,‘309 
RoshdeStwensiry II, 523 
Rosmarin, heiliger HI, 449 
Rosemary forests HI, 410" 

— harvest in Dalmatian (illustr.) Ill, 439 

— oil III, 410 

-as adulterant of lavender oil 

III, 441 

— — composition III, 413 

— — Corsican. Greek III, 419 

-Dalmatian (Italian) HI, 410 

-Eng^sh HI, 413 

-examination 111, 419 

-French HI, 412, 416 to 418, 

■■ — history I, 182 

-properties HI, 416 

-Sardinian, properties III, 419 

-Spanish III, 413 

-steam distillery of R. in the island 

of Lesina (illustr.) Ill, 415 

— — Tunesian, properties HI, 419 ' • 
Rosin and rosin essences, detection in 

turpentine oil II, 42 
- as adulterant of cassia oil II, 431 

— essence II, 42, 44 

-as adulterant of pine tar oil 

II, 104 

— oils, spirit II, 42 
Rosmarinus officinalis 111, 410 
Rossi I, 44 

Rossmyntza I, 191 
Rotation, optical 1, 560 
Rotfichte II, 85 
j Rother 1, 582; 111, 35, 43 
I Rottanne II, 85, 117, 118 
i Rottfera dispar I, 505 
I Roulle I, 71, 75 
Route 1, ^48 

Roure-Bertrand Fils II, 157, 158, 401, 
480, 481, 566; III, 89, 103, 124, 
378, 408, 460, 543, 551,578, 580, 
595, 609, 633, 641, 666, 667, 673 
Rousset II,- 166 
Roxburgh I, 103, 160; II, 394 
Royle 11, 217 

Rubeus I, 4^ 161, 173, 178 
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r.nuhiKeit «I, 586 
RaWte Bl, 73 
l^bus Wxus ll, 548 
— minducas I, 505 
/?«e de Corse B, 635 
Rue oil, history I, 146 

-II, 635 

Ruellius I, 50 
Ruickhoidt IB, 111 
/^uku 111, 569 

Rumpf, Rumph, Rumphius 1, 102, 108, 
113, 120, 165; 11, 393 
Runge II, 347, footnote 
Runne I, 604 
Ruotte I, 130j II. 4% 
f(us I, 64 
/(usa 11, 179 
Rusa oil II, 178 
Rusby II, 486 

Russian turpentine oil 11, 77 
/Russula fastens I, 532 
l^uta bracteosa II, 635, 638 
- graveolens I, 521; 11, 635 

— hortensis, montana II, 635, 638 
ffutaceae II, 626 

I, 44, 57, 93, 106, 123, 136, 154, 
159, 160, 164, 173, 179, 1^3, 185, 
206, 211 

f^yparosa cxsrat fongrpeduncnlata 1,532 

s 

Saal III, 131, 138 
Sabad/lla officinalis II, 257 
Sabal serruiata 11, 250 
Sabatier I, 358, 471 
Sabina, derivation of name I, 100 
Sabina ketone I, 301 
Satnnene I, 300 

— in Shd-Gyu oil III, 671 

— (?) in water fennel oil ill, 358 

— glycol I, 301 

— hydrate I, 383 

/-Sabinene = Xaiithoxylene (?) II, 629 
, — in oil of savin II, 173 
' Sablnic acid I, 301 
. . Sf^ino H, 138 


Sabinol I, 390 

-- acetate, optical rotation II, 174 
~ glycerol I, 390 

— in oil of savin B, 174 
Sachguise IB, 673 

Sack III, 161 
Sadebaum 11, 171 
Sadebeck 11, 291 
S&dtler I, 584, 585; 111, 34 
Saffran oil B, 265 

- — history I, 105 

— - gilds 1, 106 
Safrene 11, 496 
Safrol 1, 485; B, 366 

— in Atherosperma leaf oil 11, 417 

— — wood oil of Cinnamomum gian- 

duliferum 11, 445 

-- Parthenoxylon 11,442 

— — Shd-Gyii oil 111, 671 
~ - Yu-)u oil Bl, 672 

- methoxylated in oil of Piper Vol- 

keasii 11, 302 
Sagapenum oil Bl, 372 
Sage 11, 298, 643; Bl, 340 
Sage camphor I, 188 
oil Bl, 454 

-history I, 188 

-Muscatelle 111, 460 

- ■ Spanish, as adulterant of lavender 

oil IB, 440 
Saint-Evre 11, 496 
Sai-sin II, ^7 
Sakais Bl, 167 

Saladinus of Aesculo 1, 33,93,115,120, 
121, 139, 143, 146, 183, 185, 197 
Salai II, 205 
Salam oil Bl, 212 
Salant B, 367 
Salato Bl, 11 
Saiicaceae 11, 313 
Salicylic acid I, 501 

- — amyl ester I, 509 

-as adulterant I, 615; III, 441 

-ethyl ester 1, 508 

-from salicylic aldehyde I, 425 

—'—in oil of Solidago nemorafis 
IB, 601 
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Salicylic acid in wall-flower oil 11, 533 

-wormwood oil in, 638 

-- — methyl ester 1, 504 

— aldehyde I, 425 

Saligenin, oxidation to salicylic alde¬ 
hyde I, 425 

Sa/ikounda beans I, 521 

Salix amygda/ina, triandra 1, 532 

Sallow gum 111, 240 * 

Salmon bark gum 111, 253 

Salol as adulterant of rose oil II, 575 

Salomo III I, 100 

Salomonis-Apotheke (Leipzig) 1, 58 
Salts added during distillation 1, 222 
Salvene in sage oil III, 456 
Salvia boiita 111, 585 

— cypria III, 458 

— lavanduIitoUa 111, 413 

— mellifera III, 461 

— officinalis 111, 454 

— Sciarea 111, 460 

— triloba III, 458 
Salviol Ill, 457 

Salway I, 490; II, 271, 410 to 413, 610; 
III, 475 

Samaraweera II, 218 
Sambucus Ebulus III, 589 

— nigra I, 533; III, 588 
Sambunigrin I, 421, 534 

— in elder blossoms III, 589 
Samolus Valerandi III, 394 
Samuel, Samuel 5 Co. II, 468 
Sancto Amando 1, 33, 143 
Sand bath, history I, 206 
Sandarac resin, Australian 11, 141 
-oil II, 140 

Sandal tree (lllustr.) II, 337 

— wood koti in Bangalore (illustr.) 

11, 333' 

-oil 11, 331 

— -African II, 351 

-Australian II, 350 

-East Indian 11, 331 

-history 1, 18, 119 

-Fiji 11, 349 

-Quaiana 11, 507 

-Haiti 111, 673 


Sandal wood oil, Ne* Caledonian II, 345 

-■— New Hebrides II, 346 

,-Tahiti II, 347 

-Thursday Island II, 347 

-West Indian III, 107 

Sander II, 505 
Sani II, 517 

Sanna 111, 311, 312, 613 
Sansho II, 626 
Santal camphor 1, 401 
Santalaceae II, .331 
Santalal I, 401 

— in sandal wood oil II, 343 
a- and ;$-Santalene I, 336 
Santalic acid id sandal wood oil II, 344 
Santalol in oil of Santaium austro- 
caledonicnm 11, 349. 
ff- and /(-Santalol I, 400; II, 342 
Santalone in sandal wood oil II, 340 
Santaium acuminatum, aibum II, 350 
-- austro-caledonicum II, 335, 349 

— cognatum, cygnorum II, 350 

— Freycinetianum II, 347, footnote 

— lanceolatum, persicarium, Preis- 

sianum II, 350 

— Yasi II, 349 
Santene I, 289 
Santenol 1, 289 

Santenone (alcohol) in sandal wood oil 
II, 339 

Santo Amando 1, 93 
Santolina Chamiecyparissus III, 612 
Santolinenone in Santolina oil III, 613 
Sapindacex III, 154 
Saponification 1, 570 

— fractional III, 73 

— value I, 571 
Sappan leaf oil 11, 603 
Saracomenos III, 487 

' Sarcocephalus subditus I, 506 
Sari moedjari 111, 389 
Sarsaffras II, 479 
Sartorius 1, 122 

Sassafras, black, brown and white 
II, 440 

— distillation (illustr.) II, 491, 493, 495 

— leaf oil II, 497 
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Sassafras, flepal II, i43 

— oil n, 490 

-adulteration II, 497 

-history 1,129 

Sassafras Gxsianum II, 489 
Satie 1, 90, 265; II, 507, 560, 565, 616 
to 619; III, 70, 88, 90, 398, 419, 
427, 436, 441, 477, 667, 668 
Satureia Calamintha subspec. Nepeta 
var. Nepeta 111, 473 
- silvatica var. si/vatica 111, 473 

— cuneifo/ia Hi, 472 

— hortensis HI, 471 , 

~ macrostema 111, 474 

— montana and var. IH, 443, 470 

— Thymhra IH, 472 1 

Saunders II, 90 

von Saussure 1, 173, 183, 187; H, 566; 
111, 22, 437 

Saussurea Lappa III, 659 
Savin H, 175 

— oil, history I, 100 
~ - II, 171 

Saw palmetto 250 

Sawer 1, 89; 11, 331, 352, 614; 111, 187, 
190, 338, 389, 413, 417, 434, 564, 
565, 659 

Saxifragacex 11, 537 
Scalione 111, 461 
Scaraffia III, 612, 613 
Scarlata HI, 14 
Scarpa HI, 47 
Schacht II, 410 
Schaer II, 299, 424, 600, 608 
Schafgarbe HI, 617 
Scharling 11, 604 
Scharrpech II, 74 
Schaub I, 144, 145 
Scheele 1, 76, 143 
ScheidgfSser II, 113 
Schenck IH, 205 
Scheuchzeria palustris I, 532 
Schhrlittgstanne II, 90, 129 
Schiff II, 13, 28 

Schimmel S Co. I, 98, 118, 125, 182, 
306, 308, 318, 319, 328, 330, 334, 
338, 353, 358, 365, 367, 371, 372, 


373, 374, 377, 381, 385, 400, 406, 
409, 416, 417, 421, 423, 424, 426, 
437, 440, 445, 449, 451, 467, 468, 
469, 470, 472, 474, 476, 482, 483, 
503, 506, 508, .509, 510, 511, 512, 
513, 514, 516, 517, 518, 519,522, 
528, 531, 540, 545, 547, 563, .566, 
578, 579, .581, 582, 586, 588,591, 
601; II, 23, 25, ,34, 75, 89, 94, 99, 
112, 113,116to 118,120,122,129, 
135, 138, 1.53, 154, 159,162, 164, 

166, 171, 173 to 176, 186,188 to 
191, 193, 196 to 199, 213, 214, 
216, 225, 226, 228, 230 to 233, 
235, 241, 242, 244, 245, 248,249, 
254, 256, 257, 264, 268, 270, 275, 
279, 283, 286, 289, 290 to 293, 
296, 299, 304 to 306, 308, 311, 
312, 317, 328 to 330, 338 to 342, 
346 to 348, .350, 351, 353, 359, 
360, 362, 363, 366, 369, 371, 378, 
384, 392, 401, 407, 409 to 411, 
415, 416, 418, 420 to 426, 430, 
432, 433, 436 to 438, 441, 443, 
446, 447, 450, 451, 454, 463,466, 
471, 481, 482, 489, 490, 494, 499, 
500, 502, 503, 508, 514, 524, 527, 
537, 541, 543, 544, 558, 562, 566, 
569, 570, 575, 676, 589, 590,593, 
595, 599, 607, 619, 620, 624, 625, 
627, 629, 630 to 635, 642; IH, 6, 
14, 16, 24, 25, 27, 31, 35, 39, 41, 
44, 48, 52, 56, 68, 70, 75, 78, 81, 
86 , 88, 91, 92, 95, 96, 97, 98, 99, 
107, 122, 125, 126, 128, 132,136, 
137, 141, 151,, 152, 155, 158,160, 

167, 169, 172, 173, 178, 183,186, 
187, 188, 190, 194, 195, 205, 205, 
209, 210, 211, 212, 222, 234,237, 
241, 242, 243, 245, 248, 249, 250, 
256, 257, 258, 260, 262, 265,267, 
274, 275, 276, 282, 286, 287,288, 
290, 291, 298, 299, 300, 303,307, 
309, 316, 318, 319, 321, 322, 3», 
328, 330, 332, 335, 339, 345, 353, 
356, 358, 359, 364, 371, 372, 374, 
375. 376, 378, 380, 388, 390, 391, 
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399, 4Q2, 403, 404, 405, 406,408, 
409, 412, 413, 418, 420, 422, 435, 
436, 438, 439, 442, 444, 446, 450, 
461, 454, 458, 462, 465,470 to 476, 
480, 485, 487, 488, 489, 492, 494, 
497, 499, 502, 516, 537, 538, 539, 
548, 549, 551, 552, 554, 557, 558, 
559, 571, 572, 578, 579, 580, 581, 
585, 588, 590, 592, 601, 604, 606, 
607, 609, 612, 614, 618, 620, 627, 
628, 630, 631, 634, 639, 642,645, 
646, 647, 649, 650, 652, 653, 663, 
664, 668, 670, 672 
Schimmelm odorifera III, 102 
Schimmers test II, 234 

-modified II, 235 

Schipioyama II, 508 
Schindelmeiser I, 339; II, 47, 79, 107, 
108, 126, 278; III, 359, 497, 547, 
637 

Scfiinus Molle III, 150 
Schinus oil from leaves HI, 151 

-fruits HI, 150 

Schiras, roses II, 553 
Schiu oil II, 508 

-detection in linaloe oil III, 129 

Schkatelov II, 79 
Schlagdenhauffen II, 645 
Schhicheria triiuga I, 533 
Schlicht fl, 519 
ScMoss III 439 

Schmidt I, 329, 340, 364 to 366, 415, 
417, 418, 448, 468, 512 

- C. II, 353 

- E. I, 135; II, 299, 605; III, 28 
~ G. II, 75 

- M. Ill, 296 

^ R. II, ^2, 482, 618 
SchmSIling II, 9, 10 
Schnedermann I, 105; II, 253; III, 373 
Sehneegans II, 319,545, 546; 111, 144,382 
Schneider 11, 370, 371, 521, 532, 534 
Scbuell 1, 495; III, 605 
. Scboenanthum amboinicum II, 202 
ScttoBttocauloa otfhimh II, 257 
ScMIlkraut II, 509 
Scholtz ,1. 421, III, 635 


Sch5id)«in ff, 26 
Schdfle 11, 27' 

Sdidnos I, 102 
Schfinus oil, history I, 18 
Sch6pf I, 95, 104, 106, 131, II, 542 
Schorger, III, 274 
Schossberger II, 629 to 631 
Schrader I. 79, 144, 145 
Schreiber II, 31 

Schreiner I, 89, 325, 329, 332, 560,589, 
594; II, 251, 283,'297; III, 337, 
492, 556 

Schroder I, 130, 132, 144 
Schrot II, 74 

Schroter II, 2141 321, 426 
Schryver I, 592 
Schu-Yu II, 508 
Schubeler III, 363 
Schuler II, 60 
Schultz I, 189; II, 77 
Schumann II, 291, 292; HI, 463 
Schwanert HI, 642 
Schwarz H, 430 

ScfiwarzfOhre, Schwarzkiefer II, 74 
Schwarzkummel II, 370 
SchwefelterpentinOI \\, 80 
Schweigger H, 410 
Schweinfurt HI, 110 
Schweizer I, 80; II, 150 
Schwert/i/ie II, 265 
Scohp/a lioxbarghii I, 505 
Scorodophlosus Zenkeri H, 600 
Scorodosma fatidam HI, 368 
Scorzefta-method in the preparation of 
lemon oil III, 10 
Scotch fir II, 124 
Scott II, 416 
Scoville II, 544 
Scrape 11, 61 
Scribbly gum 111, 274 
Scribonius Largus I, 17, 122, 123, 142, 
172, 179, 184, 194 
Scropbu/amceae HI, 584 
Scyphostachys coffeoides I, 506 
Sechler III, 368 
Sedanoiide I, ^0' 

Seefeacbe/ HI, 347 
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^erthold l(,' i^\ 
u^sljw wood ]l, 442 
^Itsifi besar lU, 578 

— hJd/au iU, 578 

— mekafi 111, 578 
Self III, 368, 370, 371 
Setinene I, 334; III, 380 

Sell I, 78, 80,. 171, 173, 175; 11, 353; 
III, 22 

Semecarpus 1, 505 
Semen Abelmoschi 111, 160 

— O/ias Ill, 635 

Semina Cardamomi majori^ 11, 290 
Semmler I, 87, 90, 272, 279, 289, 336, 
340, 375, 376, 390, 391, 397, 400, 
406, 409, 459, 460, 464, 493, 494; 
II, 151, 166 to 169, 173, 187, 191, 
196 to 198, 214, 216, 226, 258 to 
260, 327, 330, 339, 340, 342, 344, 
410, 412, 486, 513, 568, 629 to 
631, 641; 111, 54, 63, 93, 94, 104, 
125, 133, 174, 186, 205, footnote, 
208, 258, 270, 275, 307, 320, 321, 
369, 439, 457, 560, 597, 629, 642, 
660, 665 

Senderens 1, 338, 474 
Senega root oil III, 144 
Senft Ill, 554, 616 
Senkiyu 111, 367 
Senubo! I, 195 

Sequoia gigantea 1, 281; II, 13# 
Sequoiene I, 281 
Serapion I, 24, 120 
Sereh betoel II, 202 

— wangi II, 236 

Serjania piscatoria, serrata III, 154 
Semaglotto III, 312, 313, 347 to 349, 607 
Serpena I, 213 
Serpentaria II, 357 
Serpentina I, 22, 30, 206 
Serpentine cooler, history 1, 206 
Serre II, 204; III, 465 
Serres 1, 97 

Semnia Jaborandi II, 313 
^same oil as adulterant of sandal 
wood oil II, 348 
Seseti Bocconi 111, 347 


S^quiterebene 1, 82 
Sesquiterpene aliphatic I, 277, 328 

— in balao balsam oil III, 175 
-bark oil of Ocotea usimbarensis 

I, 340; II, 483 

-betel oil II, 308 

-cade oil 1, 338 

-Dutch myrtle flowers oil II, 316 

- Honduras balsam oil il, 543 
-Indian turpentine oil II, 83 

-- - lapanese star anise oil II, 391 

— matico oil II, 305 

— — Minjak-I.agam-balsam oil I, 339 

— - oil of Melaleuca gibbosa 111, 299 

-- pauciflora HI, 301 

— — - — Monodora granditlora 

II, 408 

- — Parthenium argentatum 

Hi, 611 

— - Peucedanum Ostruthium 

III, 674 

— (?)-— Phyllocladus rhom- 

boidalis II, 8 

- Piper acutilolium var. 

subverbascifoUum II, 308 

— -- Pittosporum unduJatum 

II, 538 

--V'/tex/4gn«s-Cits<us 111,410 

— — Russian pine tar oil H, 105 
~ — sassafras leaf oil II, 497 
-spike oil HI, 594 

— (?) in spiraea flower oil II, 545 

— in star anise oil 11, 386 

-the oil of Abies alba 11, 113 

-- Barosmavenustai\,bi3 

_ (?) --- Callltris robusta 

II, 146 

---- verrucosa 11, 142 

_ —- Pagara xanthoxyloides 

H, 631 

- Leioscyphus Taylor! 

11, 4 

_ —- Taxodium distichum 

H, 138 

— — white birch bark oil 11, 328 
Sesquiterpenealcohol in copaiba balsam 

oil II, 597 
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Sesquiterpenealcohol in oil of Euca/yp- 
tus Globulus III, 250 

-- — Leioscyphus TayJori II, 4 

- Piper catnphoriferum 

U, 307 

-(?)-V7/ex Agnus-Castus 

111, 410 

— — osyris oil II, 352 

— — zedoary oil 11, 274 ♦ 

Sesquiterpene CisHjnO in oil of clove 

stems 111, 208 

-- alcohols, aliphatic I, 399 

-cyclic I, 400 

-from eucalyptus oil I, 403 

-tricyclic 1, 401 

-- derivatives in verbena oil III, 408 

— hydrate in Ylang-Ylang oil II, 398 
Sesquiterpenes I, 326 

— artificial, preparation 1, 326, 346 

— tricyclic I, 340 

— unknown from various oils (table 

I, 342 

Seyler 111, 456 
Sharp II, 494 
Shears III, 541 
Sheih oil III, 668 
Shenstone III, 456 
Sherman II, 255 
Shemdal 111, 624 
Sherrard II, 250 
Shikimene II, 392 
Shikimol II, 392 
Shimoyama II, 438, 640 
Sbin-I-Ho I, 193 
Shinosaki 111, 531, 532, 534 
Shirawasa II, 449 
Shiso III, 559 
Shiu oil II, 508 
. Shd-Gyu oil III, 670 
Shorea Wesneri HI, 178 
Shoit-leaved pine 11, 69 
' Short-leaved yellow pine II, 57 
Shrewsbury II, 35 
; 'Shd-yu 11, 508 
.Siberian cedar II, 128 

— fir needle oil II, 125 
Sibops III, 166 


SicII]) and Calt^ria (map) HI, 7 
Sidefitis romana III, 443 
Sideroxylon obovaUm 1, 505 
von Slebold II, 3T9 
Siedler II, 555, 573; III, 633 
Siemssen S Co. II, 426 
Sievers III, 618 
Sigel III, 656 
Silau oil III, 361 
Silaus praiensis III, 361 
Silber I, 176, 334, 479, 490; III, 319, 
323, 364, 377 
SUhertanne^ II, 112 
Silphion I, 176 
Silver leaf malice III, 255 
Silver-leaved ironbark III, 276 
Silver-topped mountain ash III, 284 
Simili-rage HI, 630 
Simmons II, 562 
Simon 1, 90; II, 391, 515, 540 
Sinalbin I, 350 

— mustard oil II, 526 
Sinapis alba 11, 521 

— juncea, nigra II, 518 
Sindora Wallichii 11, 601 
Sinigrin I, 547; II, 516, 540 

— history I, 134 

— occurrence II, 510 

Siparana cujabana, obovata II, 417 
Sirib II, 309; HI, 391 
Si-sin II, 357 
Sisymbrium I, 191 

— Alliaria H, 510, 517 

— ofticinah H, 511 
Sjaroff II, 555, 556 
Sjollema 11, 327 
Skatol I, 542 
Slare I, 128 
Slash pine 11, 57 
Slaty gum HI, 268 
Slawinsky I, 525 
Sloane I, 161 

SlfBtia Sideroxylon I, 504 
Small II, 298 

Small-leaved stringybark III, 226 
Smell, physiology of sense of I, 
footnote 
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Siirritti 1,369; H, ^ 99;236, 257; III, 214, 
221, 223 to 227, 229 to 234, 236 
to 245, 2S to 264, 267 to 290, 
292, 297 to 304, 420 

— see also Baker 

— S Co. II, 257 
Smokeless powder I, 455 
Snakeroot, Canada II, 354 

— Virginia II, 357 
Snow I, 569 
Sobrero II, 29; 111, 151 
Sobrerol I, 294, 525 

— from turpentine oil 11, 29 

von Soden I, 329, 391; II, 254, 283, 324, 
342, 345, 536, 5tl, 566, 569; III, 
26, 28, 105, 108, 109, 182, 186, 
208, 398, 573 

Sodium amide for phenol determinations 
I, 592 

fluoride added to mustard oil distil¬ 
lation II, 520 
Sofia II, 179 

Soil conditions and composition of 
volatile oils I, 271 
So/anaceae III, 583 
Soldaini HI, 31, 42, 44 
Solereder 11, 599, 600 
Sofidago canadensis III, 600 

— - nemoralis III, 601 

— odora 111, 599 

— rugosa 111, 600 
Soltmann 1, 98; II, 157 
Solubility cylinder I, 566 

— value I, 568 

Solvent naphtha, detection 11, 49 

Somma II, 266 

Sender HI, 504 

Sorbin oil II, 548 

Sorbinic acid II, 548 

Sorbinose II, 548 

Sorbite li, 548 

Sorbus Aucuparia 1, 426; II, 548 
Sorghum haiepense, nigrum, vulgare 
I, 532 

de Soto I, 129 

Soubeiran I, 77, 80; II, 163, 296, 300, 
V 584 to 596; 111, 22, 54, 62 
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Southern cypress II, 138 

— pitch pine II, 57 
Spagyric art 1, 27 
Spaltehoiz H, 561 
Spani^ hop oil 111, 482 

— oil of turpentine II, 75 

— radish oil II, 529 

Spartium junceum, scoparium II, 609 
Spearmint III, 553 
Specific gravity 1, 556 

-and change of temperature I, 559 

-composition of volatile oils 

I, 273 

— ~ balance I, 5.57 

— index of refraction I, 562 
Spectrophotometer according to 

d'Arsonval III, 37 
Speik III, 594 

Spermaceti as adulterant of rose oil 

II, 573 

Spermacoce semierecta I, 521 
Sphxranthus indicus III, 606 
Sphenodesme Wallichiana I, 505 
Spic III, 441 

Spica I, 196; II, 357, 640; 111, 151 
Spica celtica III, 594 

— iiardi 1, 184, 196 
Spice bush II, 503 

Spices, apparatus for the distillation of 
(fig.) I, 238 
Spicewood oil li, 503 
Spielmann 1, 99, 113, 154 
Spigoure III, 421 
Spike, Celtic III, 594 
—• disease II, 332, footnote 

— lavender III, 413 

— oil III, 441 

-as adulterant of lavender oil 

HI, 440, 441 

-Dalmatian HI, 447 

-distillation, history I, 220 

— -in southern France (map) 

HI, 427 

-Spain (illustr.) HI, 445 

-French HI, 443 

— — history I, 183 
-Spanish III, 446 
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Spikenard I, 195 
Spikenarde I, 195 
Spilanthene in para cress oil HI, 612 
Spiianthes ohracea III, 612 
Spiraea I, 278 

— species, glucoside II, 546 

— acutifolia II, 547 

— Arancus I, 533; II, 546 

— digitata I, 425; II, 546 

— Filipendula I, 425; II, 546 

— japonica I, 533; II, 546 

— kamtschatica II, 546 

— Kneitfii I, 533 

— isevigata II, 547 

— Lindleyana I, 533 

— - Jobata I, 425; II, 546 

— oputHoHa II, 547 

— pa/mata II, 546 

— prunifolia I, 533 

— sorbifolia I, 533; II, 547 

— Ulmaria I, 425, 505; II, 546 
-- iilmifolia II, 547 

Spiraea flower oil II, 545 

— herb oil II, 546 
~ root oil II, 546 
Spiraeic acid li, 545 
Spiraein II, 546 
Spirige Sdure II, 546 

Spirits ais adulterant, detection 1,349, H13 

--of anise oil III, 345 

-Ceylon citronella oil II, 236 

--lemon oil III, 52 

---lavender oil III, 441 

Spiritus fie/issae compositus I, 189 

— saiis.l, 222 

■— terebinthinae I, 93 
Spiroylige SSure 11, 546 
Spiroylwaaserstoff II, 546 
Sponia virgata 1, 532 
Spoon wort oil II, 513 

-artificial I, 549 

-history I, 132 

S^nitz II, 166 

Spotted gum III, 231, 232, 240 

^rwigel I, 

Sprinz 1, 524; III, 609 
Spruce-Tanne II,' 129 


Spdgna memoti ,in me. promosBpp, s 
„ lemon pli HI, tl ' 

Spurge in, 304 ' 

Squire II, t«, ^ 

Staats II, 353 
Stahl I, 66 
Staiger HI, 272 
Stakte I, 102 
Stange I, 184 

Stapf 11, 179, 192, 20t, 202, 217, 218, 
243; III, 480 

Staranise, Chinese apparatus for distilla¬ 
tion pf (illustr.) II, 381 

— flower oil II, 386, footnote 

— - introduction «of term I, 77 

— lapanese II, 391 

— leaf oil II, 393 

— oil, 1, 283, II, 378 

— — history I, 121 

Steam distillation, history I, 227, 231 

— still for rosemary oil in the island 

of Lesina (fig.) Ill, 415 
Stearic acid I, 500 

Stearin as adulterant of lemon oil III, 52 
Stearns II, 95; 111, 524 
Stearoptene, determination in rose oil II, 
565, footnote, 573 

— of rose oil, cpmposition II, 567 
Stechapfel 111, MS 

Steck I, 122 » 

Steer I, 198 
Steinbach II, 273 
SteinhSger II, 162 
Steinkauler I, 281; II, 136 
Steinklee I, 521 
Steinpilz II, 2 
Stem II, 69 

Stenhouse I, 84, 156; 11; 187, 226, 424, 
425, 484, 626, 630; III, 116, 131, 
132, 338, 477 

Stenocalyx Michelii III, 212 
Stephan I, 350, 365, 407, 610; II, 187, 
191, 226, 439, 569, 571, 574; 
III, 54, 55, 84, 151, 412, 414, 415, 
416 

Stercuiia I, 532 
Sterailiaceae lU, 161 



ti, 010. 

Siti^faidtterdien 1)^ t82 
SfleW IJ, t?7, 198' 

^i^iffila^chrysantha I, 506 . , 

S4lt>ene(?), in Peru balsam oil II, 606 
Still, introduction I, 225 
odor, see Blasengeruch 
Stillingia oil III, 147 
Stillmann II, 485 
Stinkasant III, 338 
Stink wood II, 326 

Stipa hastricina, leptostachya, tortilis 
I, 532 

StCBChas I, 184 
Stockmann I, 128 , 

Stoddart li, 265 
Stoger II, 78 
Storax oil II, 540 

-American II, 542 

-history I, 136 

Strabo(n) (Strabus), Walafried I, 155, 
175, 199 
Strache I, 581 

Stravaas/a glaucescens I, 533 
Strassburg turpentine oil II, 86 
Strauss II, 595 
Streblus mauritianus I, 504 
StrIngybark III, 225, 271, 284, 291 

— pine II, 149 

Strobilanthes Da/ze/lii, lupulinuslW, 585 
Stroup III, 327 
Struckmeyer II, 426, 433 
Sturcke III, 637 
Styracin I, 515; II, 540 
Styrax Uquidus I, 136 
Styrocamphene in storax oil II, 540 
Styrene I, 281 

Styrolyl acetate in Gardenia oil III, 586 
S^rone I, 373 
Sub-cabayog III, 573 
4 §uccinic acid I, 500 
'1. _ dimenthyl ester, see dimenthyl 
succinate I, 389 

~ “ ethyl ester, see ethyl succinate 

— —-— diethyl succinate I, 615 

SOccUa funiperi II, 160 

Suckers 111,229 


Sudworth II, 60 

Sugar ioaf Mountain III, 230 

— as adulterant of vanillin I, 429 
Suginene 11, 137 

Sugiot II, 137 
Sugiura III, 456, 457 
Sugiyama II, 465 
Sudia II, 272 
SgIphides I, 546 
Sulphite method 1, 584 
Sulpho cinnamal hydroxy sulphonate 
of sodium II, 433 
Sulphureted hydrogen I, 546 

-compound with carvone I, 439 

Sulphuric acid, Maumen6’s test I, 568 
Sumbul Ekieti, Hindi, itaiicus, Kumi 
III, 371 

SumbuIwurzelOl III, 371 
Summitates Sabinae II, 172 
Sun bath, history I, 209 
Sundvik II, 15, 104, 108 
Sung 1, 121 

Supa balsam oil II, 601 
Superoxides, organic, in turpentine oil 
II, 27 

Surenjanz III, 673 
Susruta I, 16, 107, 176 
Suzuki III, 466 
Swaim’s Panacea I, 181 
Swamp bay II, 498 

— cedar II, 149 

— cypress, Mexican II, 138 

— gum 111, 231, 240, 277 

— pine II, 57 

— red bay II, 479 

Swan River sandal wood II, 350 
Sweet II, 131 

— anise 111,' 306 

— basil oil III, 575 

-history I, 193 

-Javanese III, 576 

— birch II, 318 

— clover I, 521 

— fern II, 317 

— oil, history I, 118 

— Orange tree, history 1, 149 

— root III, 306 , 
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Sweet scented golden-rod III, 599 

Swenholt II, 133 

Swingle 111, 467 

Swinton 111, .27 

Sydney peppermint III, 277 

Sylvane in Kiend/en II, 104 

Sylvestrene I, 315 

— halogen derivatives 1, 317 
(7-Sylvestrene in India turpentine oil li, 93 
ASylvestrene in Russia turpentine oil 11,80 
/-Sylvestrene in oil of Dacryodes 

hexandra 111, 142 
Sylveterpin(eol) 1, 317 
Symplocos fasciculata I, 505 
Synesios 1, 22, 25 
Syzygium occlusum III, 212 

T 

Tabonuco III, 141 

Tacamahac-elemi 111, 138 

Tacsonia van Voixemii 1, 433, 532 

Tael, Haikwan II, 470, footnote 

Tagetes patula 111, 620 

Tahara II, 370 

Tallow-wood 111, 232 

Tamba Yasuyori 1, 1?3 

Tambor 1, 495; 111, 605 

a-Tanacetogenedicarboxylic acid I, 390 

Tanacetone I, 461 

Tanacetum Balsamita, boreale Hi, 631 

— vulgare 111, 628 
Tanacetyl alcohol I, 397 
</-Tanacetyl alcohol in oil of Thuja 

plicata 11, 153 
Tanglad(t) II, 205 
Tangoon 111, 273 
• Tansy oil HI, 628 

-history I, 198 

Tapia 1, 337; II, 488 
Tariddogenos BJumei I, 505, 532 
— Kurzii 1, 532 
, riraxacum officinale 111, 662 
■'‘Ta#l,' 306; 11, 385, 392, 416; 111, 248, 
^ 353, 356, 357 

hypophylla 11, 5, footnote 
ttf;jMilly 11, 402 


Tiu/toesse/111, „ 

Taxa uitiversajfs 1; 1,58 
Taxaceae H, 6 

Taxodium distichum, mexicanum, Mom 
tezumse, mucronatum II, 138 
Tea, Chinese, aroma lU, 163 

— oil 111, 162 

— tree 111, 299 

Teak forests for gingergrass (Sofia) 

11, 180 

Tecoma mexicana I, 505 
Tectona grandis II, 180 
Teeple 11, 96 to 99, 109 
Tempany ll', 195, 196, 454; 111, 78 to 80, 
191 to 193 
Temu-kuntji 11, 284 
Tennant 1, 226 
Tentes 11, 395 
/J-Terebangelene HI, 364 
Terebene 1, 82; 11, 24 
Terebentene 1, 82; 11, 22 
Krihenthine de Four 11, 105 
Terebic acid 1, 294, 379, 525 
Terecamphene I, 82 
Terephthalic acid 1, 284, 294 
Teresantalol in sandal wood oil 11, 344 
Teresantalic acid I, 501 

— in sandal wood oil II, 344 
Terpene, aliphatic, in Cayenne linaloe 

oil 11, 481 

— -oil of Xanthoxyium Aubertia 

11, 630 

— introduction of name 1, 83 

— in betel oil 11, 309 

-boldo leaf oil II, 415 

-bupleurum oil 111, 312 

-Cascarilla oil HI, 145 

-Ceylon citronella oil 11, 228 

-East Indian lemongr^ oil 11,198 

-Japanese staranise oil 11, 391 

-Laretia resin oil 111, 305 

-oil of Amorpha fruticosa 11, 611 

--- Mastigobryum trifobatum 

II, 4 

-orris oH 11, 268 

-saffran oil H, 265 

Terpene syntheses 1, 288 
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Twpenes t, .285 
—•aliphatic I, 280 

— in tivermosses 11, 5, tootnote 
Terpenylic acid 294, 379 
Terpil series i, 83 

Terpin, change to y-terpineol 1, 381 

— hydrate I, 294, 309, 384 

— — as adulterant of vanillin 1, 429 

— — from geraniol I, 359 
-linalool I, 354 

...-Malabar cardamom oil II, 286 

— — terpineol 1, 378 
1,4-Terpin II, 364 
Terpinene 1, 299, 318 

— from geraniol I, 359 • 

-phellandrene 1, 324 

— halogen derivative I, 319 

— identification 1 320 

— in oil of long cardamoms 11, 287 

— (?) — — - f^amona stachyoides 

III, 461 

a-Terpinene in savin oil II, 173 

-Shd-Gyu oil 111, 671 

v-Terpinene in wood turpentine oil 
II, 100 

— oxidation I, 321 
Terpinene terpin I, 319; II, 364 
Terpinenol-1 I, 375, 382 

— in camphor oil II, 463 
Terpinenol-4 1, 301, 320, 382 

— in Sh6-Oyu oil III, 671 
Terpineol, «- and i>- I, 309, 375 

— as adulterant of linaloe oils III, 129 

--sandal wood oil II, 347 

— behavior during acetylation 1, 578 

— conversion into carvone derivatives 

I, 379 

-terpin hydrate I, 376 

— from geraniol and linalool I, 376 

— in bergamot oil III, 64 

-Douglas fir oil II, 92 

«-Terpineol from geraniol 1, 359, 377 

— in oil of Callitris gracilis II, 145 

-geranium oil II, 619 

-robinia oil II, 613 

— — Russian turpentine oil II, 80 

— — Yu-)u oil Ill, 672 

GlLBtMEISTER, THE VOUTILE OILS. III. 


/"-Terpineol in oil of Cinnamomum 
gianduHferum II, 444 
-American wood turpentine oil 

II, 100 

iff-Terplneol 1, 375, 880 
j'-Terpineol I, 381 
Terpinolene 1, 315 

— erythritol I, 315 
Teipinyl acetate I, 516 

-as adulterant 1,615; HI, 68,105,441 

-in oil of Melaleuca trichostachya 

III, 302 

— - saponification ill, 73 

— butyrate (?) in oil of Callitris gracilis 

II, 145 

— formate I, 515 

— naphtylurethane, -phenylurethane 

I, 379 

Teschemacher II, 300 
Testoni 111, 324 
Tetampa III, 567 

Tetrachlorocarbon as solvent I, 249 

— detection in turpentine oil II, 50 
Tetrahydrocarlina oxide I, 530 
Tetrahydrocarvone I, 320, 325 
/-Tetrahydrocarvone 1, 474 
Tetrahydrocarvylamine I, 325 
Tetrahydrocuminic aldehyde I, 325 
Tetrahydrocuminylamine 1, 326 
Telrahydrovetivenol II, 216 
Tetramethoxybenzoic acid I, 492 
Tetranthera brawas II, 499, footnote 

— caiifornica II, 485 

— citrata II, 298 

— poiyantha var. citrata II, 499 
Tetry 111, 502 

Teucrium Polium III, 443 
Teufeisdreck 111, 368 
Texel II, 74 

Thaiictrum aquHegifoUum I, 433, 522 
nea chinensis I, 505; III, 162 

— cochinchinensis 1, 505 

— Sasangua 111, 163 
neacex HI, 162 
Thelen II, 367 
Thdnard 1, 80 
Theobroma Cacao HI, 161 

49 
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Theoline 11, 94 
Theophanus i, 24 

Theophrastus I, 111, 113, 133,135, 142, 
155, 177, 189 

Thesaurus Euonymi PhUiatri I, 52 
Theulier II, 211, 212, 480, 481; III, 28, 
99, 100, 406 to 408 
Thibierge I, 133 
Thiel II, 128 
Thiele II, 249; III, 668 
Thielebein I, 154 

^-Thiocarbimido butylmcthylsulfone 
II, 552 

/-Thiocarbimido propylmethylsulfone 

II, 534 

Thiophenylketotetrahydroquinazoiine 
I, 543 

Thiosinatnine 1, 548 
Thiozonide of linalool I, 355 
Thiaspi arvense 1, 546; II, 258, footnote, 
510, 513 
Thomas II, 547 

Thoms I, 490 to 492, 596; 11, 253, 254, 
303 to 308, 407, 410, 422, 505, 
544, 605, 632, 633, 636; III, 64, 
145, 208, 323, 324, 370, 503 to 
506, 529, 583, 668 
Thorpe 11, 95 
Thresh II, 282 
Thuja articulata II, 140, 147 

— australis II, 146 

— Oouglasii, gigantea, Lobbi, Lobii, 

Menziesii II, 151 

— occidentalis II, 149, 170 

— orientalis II, 151 

— plicata II, 151, 152 
Thujadicarboxylic acid I, 301 
Thujaketone I, 463 
Thujaketonic acid, « and f! I, 463 
Thuja oil II, 149 

Thuja root oil II, 151 
Thujone « and I, 461 

— from thujyl alcohol 1, 397 
-*'in oil of f(amona stachyoides 

III, 461 

— oxime, -semicarbazone I, 462 

— tribromide I, 464 


;^Thujom in oil of Artemisia arbores^ 
cans III, 645 . 

Thujyl alcohol 1, 397 

— — from thujone I, 463 

-in oil of Artemisia arborescens 

HI, 645 

-(?) in Ceylon-citroneila oil II, 228 

il'-Thujyl alcohol in wormwood oil III, 644 
Thumen II, 633 
Thunberg II, 379 
Thunbergia grandiilora I, 505 
Thus I, 159 

Thymbra spicata Hi, 475 
Thyme-leaved tea tree III, 302 
Thyme lemon, oil III, 406, footnote 
Thymeiaceae HI, 184 
Thymene I, 283 

— in thyme oil HI, 494 
Thyme oil III, 491 

-Algerian, Cyprian HI, 491 

distillation in Spain (illustr.) 
Ill, 493, 495 

— - - history I, 189 

-- — Spanish III, 491, 492 

— — white III, 492 
Thymoquinone from thymol I, 472 

— in sandarac wood oil II, 141 
Thymohydroquinone dimethylether 1,479 

--in dog fennel oil HI, 596 

Thymol I, 471 

— assay I, 594 

— from diosphenol I, 494 

— (?) in lavender oil III, 439 

— in oil of Ocimum gratissimum 

HI, 580 

-— pilosum III, 582 

- viride III, 581 

- Prostanthera cineoliiera 

HI, 420 

- Satureia Thymbra HI, 472 

-Syrian origanum oil III, 488 

Thymol methylether in French oil of 
Crithmum maritimum III, 348 
Thymus aigeriensis III, 491 

— capitatus HI, 499 

— ciliatus III, 491 

— hyemaiis HI, 406, footnote 
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Thymus Mmtichina Ul, 497 
nostras 1, 190 
-- Serpyl/um III, 498 

— vitginicus III, 490 

— vulgaris III, 491 
Tichomirov HI, 295 

Tiemann I, 87, 353, 359, 364 to 366, 
375, 409, 411, 413, 414, 415, 417, 
418, 475, 436, 437, 442, 445, 465, 
467,469,510 to 512, 584; II, 196 to 
198, 267 to 269, 568, 618, 642, 
643; 111, 63, 93, 94, 104, 393, 439, 
448 

Tiffeneau 111, 345 
Tiglic acid 1, 500 
Tilam Wangi III, 363 
Tilden I, 84, 91; II, 24, 25, 102, 106,107, 
586; 111, 25, 26, 28, 64, 80, 456, 
Tin chloride as reagent for pine tar oil 
II, 49 

Tjangkudu Ill, 587 
Tjekcer 11, 276 
Tobacco oil III, 583 
Tobias 111, 250, 269 
Todd HI, 513, 520, 524, 654 
Toddalia acuteata, asiatica II, 646 
Toennies HI, 345 
To-ko II, 357 
Tolu balsam oil II, 603 
p-Toluidine for the detection of furfurol 
(color reaction) I, 431 
Toluifera Balsamiim I, 521; II, 603 
Toluene in pine tar oils H, 104, 107 
p-Toluic acid I, 284 
TomiUares 111, 413 
Tonegutti II, 586 
Tonquinol I, 538 
Tooart III, 285 
Torioroshi III, 536 
Total geraniol, so-called II, 229 
Touart III, 285 
Toumefort 1, 75 
Trabut II, 135 

Ttachyfobium verrucosuw II, 602 
Trade routes during antiquity I, 6, 12 
Tragus I, 196, 197 

TralHanus 1, 111, 133,142,162,172,179 


Trametes suaveoJens II, 1 
Trapp in, 326, 383 
Travancore lemongrass oil H, 192 
Trawas leaf oil II, 498 
Trawas olie II, 499 
Treff II, 569 
Trefle, Trdfol I, 509 
'TrentepohJia /olithus II, 1 
Tr4sh 1, 329 
Trewia 1, 505 

Triacontane in chamomile oil HI, 625 

— — oil of sweet birch II, 321 

-wintergreen oil III, 389 

Triethyl citrate as adulterant 1, 615; 

III, 74 

-as adulterant of lavender oil III, 441 

-saponification HI, 73 

Triethylphosphine as reagent for hy¬ 
drogen sulphide 11, 526 
Tribromoapiol I, 491 
Tribrommethyleugenol I, 484 
Trichadenia ceylanica 1, 532 
Tricosane in elderblossom oil HI, 589 
Tricyclene I, 296 
Tricyclene gurjunene HI, 174 
Tricyclic sesquiterpene alcohols I, 401 

— sesquiterpenes I, 340 
Tricyclodihydrogurjunene HI, 174 
Tricyclo eksantalic acid 1,401; II, 339,344 
TrifoHum incarnatum, pratense II, 610 
Triglochin maritima I, 433, 532 

— pafustris I, 532 

Trigonella Foenum-grxcum II, 610 
Trimble II, 321 

Trimethylamine as reagent for acet¬ 
aldehyde I, 405 

Trimethylgallic acid, oxidation product 
of elemicin I, 488 

Trimethyl-l,5,5-hexanone-6 in ladanum 
oil III, 178 

Trinitro-tert.-butylethylbenzene I, 538 
Trinitro-tert.-butyltoluene and -xylene 
I, 538 

t,2,8-Trihydroxymenthane from iter- 
pineol I, 379 

Trihydroxyterpane m. p. 118° from 
,cf-terplneol 1, 381 


49* 
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1.2.4- Trihyclroxyterpane from terpine- 
nol-4 r, 383 

1.3.4- Trihydroxyterpane from terpine- 
nol-t I, 383 

Tritton I, 226 
Trog II, 605 

TrSger I, 338; II, 122, 123, 131, 645 
Trommsdorff I, 75, 105, 117, 158, 164,‘ 
167, 168, 194; II, 425, 489, 548; 
III, 115, 145, 590, 591 
Tromp de Haas III, 140, 565 
Troostwijck I, 76 
Tropxolacess II, 621 
Tropasolum majus 1, 535; III, 511, 621 
True II, 454 
Tsakalotos il, 81 

Tschirch II, 8, 9, 29, 75, 77, 85 to 88, 
140, 202, 309, 418, 449, 541 to 
544, 602, 605, 608; III, 110, 111, 
113, 131, 138 to 140, 172, 305, 
372, 503, 553, 558, 623 
Tschugaefl I, 389, 396; III, 673 
Tsjampa II, 393 

Tsuga canadensis II, 90,129,132, footnote 
Douglasii II, 91, 131 

— fastigiata, Lindleyana II, 131 
Tubal-Kain 1, 200 

Tuberone II, 264 , 

Tuberose, extraction I, 258, 266 

— oil II, 263 
Tubes II, 460 

Tucholka I, 328; III, 28, 114 
Tumburu II, 627 

Tunmann II, 358, 518, 578; III, 211 
Turmerol 1, 403; II, 272 
Turnera I, 278. 

— diffusa var. aphrodisiaca III, 183 
Tumeraceae HI, 183 

Turner’s reaction for the detection of 
gurjun balsam II, 597 
Turpentine II, 11 

— Amarello III, 667 

— farms II, 61 

— grotq>< I, 84 

— Production in Frartce (illustr.) II, 70,71 
-North America (illustr.) II, 66,67 

— Strassburg II, 86 


Turpentinie oil H H 

-activatfoti II, 28 

— adulteration II, 29 
— — Algerian II, 80 

-American 11, 57 

-history I, 94 

-as adulterant of anise oil II1,345 

--cananga oil II, 404 

-coriander oil 111, 309 

--geranium oil II, 620 

-lavender oil III, 440, 

441 

-;-lemon oil III, 51 

-penny royal oil III, 

502 


-petit grain oil III, 105 

--storax oil li, 541 

-wormwood oil HI, 

645 

-diluant in acetylation I, 578 

-Austrian 11, 74 

-Burmese II, 83 

-definition II, 11, footnote 

-derivation of name I, 92 

-detection I, 611 

-East Asiatic II, 85 

— — French II, 69 
-history I, 97 

-from Canada balsam, history 1,98 

•-- — Pinus jeffreyi II, 95 

- Murrayana II, 93 

- Sabiniana II, 93 

- serotina H, 93 

-Greek II, 76 

-history I, 38, 92 

-Indian II, 82 

-lapanese II, 87 

--Mexican II, 81 

-Philippine II, 85 

-Portuguese II, 75, footnote 

— — Russian II, 77 

-Spanish II, 75 

-Swedish I, 283 

-Venetian I, 98; 11, 87 

Turpinia sphserocarpa I, 505 
Turin II, 262, 486, 538; HI, 360 
Tuttle 1, 338 
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u 

Ijaid H, 1«4 
IWefibach I, 213 
Uganda alemi oil 111, 138 
Uhlitesch III, 306, 328, 338, 351, 374 
Ulmacex 11, 325 

Ulstad 1, 32, «, 206, 216, 218, 221 
Ultde II, 236, 278, 279 
Umbelliferx III, 305 
Umbelliferone in oil of Laret/a acau/is 
III, 305 

— methyl ether in chamomile oil III, 626 
Umbellic acid lactone III, 626 
Umbellularia ca/ifornica 11, 485 
Umbellulone II, 486 ’ 

Umney I, 591; II, 118, 124,160,172, 174, 
175, 206, 298, 299, 301, 387, 388, 
391, 422, 585, 594, 595, 599, 639, 
639, 644; III, 27, 45, 52, 103, 106, 
213, 256, 295, 350, 355, 368, 376, 
434, 407, 474, 487, 489, 541, 546 
Uncaria Gambit II, 309 
Uncineol I, 369 

Undecene-1-ol-10 in Trawas leaf oil 
II, 498 

Undecylic alcohol I, 351 

acid in oil of Artemisia frigida 111, 651 
Unger III, 590 

Unona leptopetaia, odorata, odora- 
tissima II, 393 
Urban II, 514, 516; 111, 108 
Urena lobata var. simiata as admixture 
to patchouli 111, 569 
Urostygma acamptophyllum I, 504 
Urticacex II, 330 
Uschack I, 179 
Uschaq 1, 179 
Usi leaves II, 634 
Ute II, 31, 49, 77, 597 
Uvaria axillaris, Cananga, farcta, 
odorata II, 393 

V 

Vacuum distillation, origin of I, 226 
Valenta II, 44, 49 
Valente II, 328 


Valentine I, 124 
Valentyn 1, 165 ' 

Valerian oil III, 590 

-history I, 193 

-Mexican III, 592 

Valeriana, etymology 1, 194 

— ceitica III, 371, »">»4 

— mexicana III, 592 

officinalis var. angustifoiia III, 593 
Valerianacex III, 589 
Valeric acid in oil von Artemisia 
frigida III, 650 

— - Eucalyptus saligna var. 

pallidivalvis III, 224 

-- umbra III, 225 

--- cacao oil III, 162 

— -spearmint oil III, 556 

— - — — oil of Persea pubescens II, 479 

-French peppermint oil 111, 544 

Vanilla 111, 598 

Vanilla planifolia II, 294 
Vanilla oil 11, 294 
Vanillin 1, 428 

— adulteration I, 429 
-- determination I, .588 

— in myrocarpus balsam oil II, 608 

— (?) in oil of hyacinth II, 261 
-Quino-Quino balsam oil II, 606 

— preparation from coniferin I, 429 
-— isoeugenol I, 485 

— separation from acetanilide I, 589 
Vanilions II, 294 

de Varda I, 478; Ill, 344 
Vasco da Gama I, 115, 127 
Vaubel I, 569; II, 30, 51 
Vauquelin I, 79, 117 
Veilchenmoos II, 1 
Veiichenstein II, 1 
I Veitch II, 30, 66, 198, 110 
, Venable II, 95 

Venation of Eucalyptus leaves and 
I relation to oil content III, 214 
' Venetian turpentine I, 98 
I Venezuelan camphor wood-oil II, 484 
! Veratric acid I, 484, SOI 
, Verbena triphylla III, 406 
i Verhenacex III, 404 
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Verbenone, properties, occurrence 
III, 408 
Verdelti HI, 8 

Verkienungs process II, 96 
Verley I, 437, 580, 592, 593; 11, 264; 
III, 399 

Vertionia arborea I, 506 

Veronica virginica III, 584 

Verrier III, 477, 479 • 

Verschaffelt II, 612 

Vetirol II, 212 

Vetirone II, 212 

Vetivene II, 213 

Vetivenol II, 113 

— bi- and tricyclic II, 214 
Vetivenic acid II, 213 
Vetiver grass II, 209 

Vetiveria muricata, zizanioides II, 209 
Vetiver oil II, 209 
Vettori, Benedetto 1, 224 
Vezes II, 11, 15, 17, 18, 21, 22, 43, 46, 
47, 69, 73, 77, 80, 103 
Viburnum sundaicum I, 506 

— Tinus I, 426 

Vida angustifoUa, canadensis, hirsuta, 
macrocarpa, sativa I, 533 
Vicianin I, 534 
Victorius Faventiniis I, 224 
Vielhaber I, 604 
Vielitz III, 205 
Vigier III, 602 
VIgnolo II, 329 

Victoria violets, yield of oil when i 
extracted I, 251 

Vilayat Budh II, 332 ' 

Villanovus, Arnoldus I, 30, 35, 182 ] 

Villiger I, 311, 530 i 

de Vilmorin III, 452 | 

Vincent, Camille I, 248 
Vinyl acetonitrile I, 535 ' 

— sulphide I, 546 

-in BiriauchOi II, 260 

Viola odorata III, 181 
-- tricolor I, 504; III, 182 
Violaceae 111, 181 
Violet, maceration I, 266 

— ketone 1, 465 


Violette fli, 586 
' Vir^I I, 177 
Virgin dip II, 61 

Viscosimeter according to Keischauer 
in, 47 

Viscosity determination I, 568 
Vishniac ill, 392 
Visneca Mocanera i, 541 
Vitacese III, 154 
Vitalis de Furno I, 35 
Vitex Agnus-Castus, trifoiia III, 409 
! Vitis sessilifolia 1, 521 
! — vinifera III, 154 
I de Vitri I, 149 
I Vitruvius 1, 98 ' 

I Vogei 1, 144, 214; 11, 267 
Vogeibeer oil II, 547 
Yogi II, 414, footnote 
Vohl III, 83, 630 
Voiry 1, 376; III, 246, 296, 447 
VoIckel III, 54, 145, 636 
Volkamer 1, 151 
Volkart II, 193, 336 
Volkel III, 332 
Volkens II, 351; 111, 196 
Vollrath II, 536 
Vorderman 111, 295 
Vortmann 1, 594; II, 322 
de Vrii 11, 311; III, 390, 391 
Vuillemin II, 518, 519 

w 

Wacholderbeere 159 
Wachsmyrte II, 316 
Wackenroder III, 381 
Wagner 1, 294, 375, 442, 525; II, 106, 
327, 533; 111, 373, 674 
Wahlforss III, 636 
Wakeman III, 463 to 466 
Waiang doeri III, .'i05 
Walbaum 1, 322, 355, 365, 374, 543; 
II, 113, 116 to 118, 120 to 124, 
129, 190, 191, 225, 282, 294, 327, 
462, 529, 531, 536, 537, 591; 111, 
63, 85, 87, 92 to 94, 104, 105, 
307, 437, 557, 577, 662 
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Waltach I, 85, 87, 175, 272, 284, 288, 
293, 295, 298, 301, 305 to 307, 
310, 311, 319 to 321, 322 to 324, 
332, 341, 364 to 366, 375 to 377, 
458, 459, 460,461,462,526; 11,8, 
22 to 24, 29, 42, 106, 107, 116, 
426, 150, 151, 162, 174, 196,198, 
286, 288, 296, 300, 364, 410, 414, 
462. 490, 505, 506, 595, 596, 611; 
III, 25, 54, 63, 117, 132,134,151, 
168, 188, 204, 246, 248, ?79,296, 
307, 317, 332, 334, 539, 352.355, 
359, 371, 374, 4^7, 459, 478, 481, 
575, 629 

Wallflower oil II, 532 

— seed oil II, 533 
Walnut leaf oil 11, 317 

Walther I, 170, 178, 588, 589; II, 163; 
III, 30 

Walz II, 358, III, 656 
Wandoo 111, 229 
Warburgia Stubhnannii III, 181 
Warden II, 178, 184, 210, 245, 247, 627; 
HI, 172, 372 

— see also Dymock 
Warren 11, 272; Ill, 315 
Wartara oil II, 627 
Washington cedar II, 151 
Wasserfencbel III, 358 
Wassermann III, 205 
Wasserminze III, 552 
Wasserscbierling 111, 326 
Water-bath, history I, 206 
Water cress II, 530 
Water mallee III, 257 

— white II, 33, 61 

Watt II, 82, 200, 210, 284, 336, 339; 

III, 338, 368, 398, 659 
Watts II, 195, 454; III, 81, 191 to 193 
Wayne Co., peppermint oil III, 512 
Weber II, 287,288, 424, 425; III, 416, 441 
Wedel I, 188 

— G. W. 1, 100, 117, 129 

— J. A. I, 103 
Weeping gum III, 276 


Wehmer 11, 547 
Weklenschwamm II, 1 
Weidlein II, 452, 454 
Weidmann I, 171; II, 545 
Weigel 11, 81, 85, 87, 88, 601 
Weibrauch III, 116 
Weil III, 172 

Weilinger 1, 329, 340; II, 302, 482 
Weimar II, 587 

Weinbeere, Weinhefe, Weinb! Ill, 154 

Weiss 11, 265; III, 210 

Weissberg II, 27 

^eisstanne II, 112 

Weisszimt III, 180 

Welde I, 470 

Wel/ingtonia gigantca II, 136 
Wendler II, 490 
Wendlandia I, 506 
Wendt II, 347, footnote 
Wenzell 11, 92, 94. 95 
Werdmuller II, 544, 608 
Werner HI, 173 

Wertheim I, 133; H, 258, 513, 517 
Wesseley H, 88 
Westenberger HI, 317 
Western yellow pine H, 2b, footnote 
von Westernhagen 1, 122 
Westphal 1, 557, 559 
Westrumb I, 167 
Weymouthkiefer 11, 130 
Whipstick scrub III, 255 
Whitaker II, 30 
White HI, 277 

— ash HI, 273, 284 
-- bloodwood III, 223 

— box III, 262 

— cedar II, 149, 170 

— gum 111, 229, 238, 266, 274, 281 

— ironbark III, 236, 252 

— mahogany HI, 272 

— mint 111, 540 

— - mustard seed 11, 526 

— peppermint HI, 259 

— pine 11, 143 

— sassafras II, 440 

— stringy bark HI, 235 

— top III, 252 
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White top messmate III, 280 

-peppermint III, 283 

Whittelsey III. 652 
Wicke II, 545, 546 
Widtremaratne II, 224 
Wiedemann I, 427; III, 635 
Wiegand, E. I, 176; III, 364, 481, 602,654 

— 0. I, 602; in, 73 
Wiegleb I, 74 

van der Wielen II, 41; III, 550 

Wienhaus Ill, 384, 670 

Wier 1, 132 

Wiesner 11, 489 

Wiggers I, 80 

Wiggins II, 98, 99 

Wild cherry bark 11, 587 

— coffee tree II, 417 

— mint III, 550 

— orange tree 11, 646 

de Wildeman II, 588; ill, 213, 595 
Wiley III, 45 

Wilkinson III, 229, 242, 251, 252, 261, 
267, 278, 282 

Will I, 79, 134, 135, 156; II, 35:3, 369, 
521, 526 
Willert I, 116 

Williams 1, 146, 161, 165, 569, 570; 
III, 181 

Wllligk III, 383 
Willkomm III, 413, 497 
Winner 11, 602, footnote 
WillstStter 1, 359 
Wilson 11. 38 

Winckler I, 116, 164; 11, 300, 358; 

III, 159, 373, 382, 588, 589 
Window glass II, 61 
Winter 11, 218 
Winter’s bark 11, 393 

— grass 11, 217 , 

Winteram Canella III, 180 
Winterene 11, 393 
Winterfeld II, 36 
Wintergreen oil 11, 318; III, 884 

— — artificial 1^,504 

-distillation in Virginia (illustr.) 

Ill, 387 X 

— — history I, 118, 180 


Winterseel H, 157 

Winther I, 60, 115, 123, 128, K 

Winton I, 523, 589 

Wlrth II, 583 

Witch hazel 11, 544 

Witte 1, 122 

Wittmack 11, 623 

Wittneben I, 166 

Wittstein III, 222, 266, 

Wogrinz n, 584 
Wohler I, 78, 144 
Wolf I, 53 
Wolff, H. 11, 20, 48 
Wolfram III,' 315 
Wolfstrapp, American III, 500 
Wood alcohol as solvent 1, 247; III, 
598 

— oil 11, 601, footnote; III, 170 

— oils 111, 175 

-- spirits of turpentine 11, 95 

— turpentine 11, 95 
Woolly-butt III, 241, 244 
Woodman I, 587 
Wormia triqueta 1, 505 
Wormseed, American II, 359 
Worstall II, 30 

Woy 11, 490 
Wray III, 564 
Wrenn III, 407 

Wright 11, 203, 226, 259, 410, 412; 

III, 55, 296, 474, 518, 536, 643 
Wormseed oil Ill, 635 

— American 11, 359 
Wyss 11, 299 

X 

Xanthophy/Jum adenopodum II, 177, 
footnote 

Xanthorrhoea australis 11, 258 
Xanthorrhoea resin oil II, 257 
Xanthotoxin in Fagara xanthoxyloides 
II, 632 

Xanthoxylene 11, 629, 630 
Xanthoxylin II, 630 
Xanthoxylum acanthopodium II, 627 

— alatum II, 626, 880 
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Aubertta II, 630 
nlrtoeiMum, ochroxylum 11, 
627 

^ Peclmltianui^t II, 631 
pfperitom 11, 626, 630 
— senegalense 11, 631 
Xeranthemum annuum, cylindrkum 
I, 533 

Ximenia americana I, 533 


Xylocassia II, 441 

Xylene as diluent in acetylation I, 578 
m-Xylene in pine tar oils 11, 104 


Y 


Yabunikkei II, 446 
Yama-nikkei bark oil 111, 672 
Yellow bloodwood Ill, 223 

- box 111, 258 

— grass tree gum II, 251 

- Oregon pine II, 132 

— pine oil 1, 397; II, 99 
Yerba Buena, III, 475 

Yield varying in enfleurage 1, 246 
Ylang-Ylang oil 11, 393 

— - from Mayotta, Mossi-Be 11, 402 

- ~ history I, 122 
Yomogi III, 646, footnote 
Yomugi oil 111, 646 
Yoshida II, 461, 464 
Yu-Iu oil III, 672 


z 

Zaar II, 191, 340; III, 560, 665 
Zacharewicz III, 430 
Zaubzer II, 163 
Zea Mays 1, 532 
Zedoaria II, 274 
Zedoary oil, history 1, 107 
j Zeerah Siah, Suffed III, 340 
Zeise I, 226 
j Zeisel I, 598; III, 595 
I Zeitschel 1, 246, 510, 544, 545; III, 85, 
; 89 to 92,94 to 96, 98,105, 334,557 

Zelinski 11, 79 
Zeller I, 88, 198; HI, 590 
Zellner II, 2 
Zenzeri vcrdi I, 110 
Zetzsche II, 31 

Ziegelmann 11, 172, 319, 321; III, 386 
Zimmermann 11, 280, 331; 111, 245 
Zimtstangen, export II, 423 
Zincke Hi, 380 
Zingiber officinale II, 280 
Zingiheraceae II, 271 
Zingiberene 1, 329; II, 283 
. Zinin I, 135 
' Zirbclkiefer II, 128 
I Zitwersamen III, 635 
Zitwerwurzel II, 274 
j Zisimos I, 22, 203, 204 
! Zwenger I, 522 
i Zwergkiefer II, 120 
I Zygophyllaceae II, 624 










